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Abstract

AIM: To develop a multiplex reverse transcription poly-
merase chain reaction (RT-PCR) method detecting cir-
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culating tumor cells in the peripheral blood of colorectal
cancer (CRC) patients.

METHODS: Peripheral blood samples were collected
from 88 CRC patients and 40 healthy individuals from
the blood donors’ clinic and subsequently analyzed by
multiplex RT-RCR for the expression of carcinoembryonic
antigen (CEA), cytokeratin 20 (CK20) and epidermal
growth factor receptor (EGFR) mRNA. The analysis in-
volved determining the detection rates of CEA, CK20 and
EGFR transcripts vs disease stage and overall survival.
Median follow-up period was 19 mo (range 8-28 mo).

RESULTS: Rates of CEA, CK20 and EGFR detection in
CRC patients were 95.5%, 78.4% and 19.3%, respec-
tively. CEA transcripts were detected in 3 healthy volun-
teer samples (7.5%), whereas all control samples were
tested negative for CK20 and EGFR transcripts. The
increasing number of positive detections for CEA, CK20
and EGFR transcripts in each blood sample was posi-
tively correlated with Astler-Coller disease stage (P <
0.001) and preoperative serum levels of CEA (P = 0.029)
in CRC patients. Data analysis using Kaplan-Meier esti-
mator documented significant differences in the overall
survival of the different CRC patient groups as formed
according to the increasing number of positivity for CEA,
CK20 and EGFR transcripts.

CONCLUSION: These data suggest that multiplex RT-
PCR assay can provide useful information concerning
disease stage and overall survival of CRC patients.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common ma-
lignancies in the Western world. In Europe, CRC is the
second most frequent cause of death from cancer, after
lung cancer'. Although surgical resection followed by
chemotherapy is the leading treatment option, approxi-
mately half of the patients eventually die due to distant
metastases’. Overall survival is associated with the dis-
ease stage at the time of diagnosis, suggesting that eatly
detection of disseminated disease may be of great signifi-
cance®. Consequently, the development of new diagnostic
methods that allow better definition of disease stage and
better monitoring of disease progression is critical.

In the past years, various techniques have been used
for the detection of circulating tumor cells (CTCs) de-
rived from solid tumors in different body compartments,
with variable results concerning their accuracy and clinical
significance. Reverse transcription polymerase chain reac-
tion (RT-PCR)-based methods have allowed the detection
of CTCs in peripheral blood samples, which is character-
ized by great sensitivity compated to protein-based tumor
marker estimations in serum'”. However, controversial
data have been reported, mainly associated with the choice
of molecular tumor markers, cohort size and patient
characteristics, as well as false-positive and false-negative
results, caused by different PCR conditions and different
sets of primers employed by different laboratories.

Among several molecular markers, cytokeratin 20
(CK20), carcinoembryonic antigen (CEA) and epidermal
growth factor receptor (EGFR) are those more frequently
used for CTC detection in CRC®”, CK20 is a member of
the intermediate filament protein family and a prominent
component of the intestinal epithelium. CK20 expression
is confined to gastrointestinal epithelium, urothelium, and
Merkel cells of the epidermis, as well as malignancies that
originate from the aforementioned sites” . Serum levels
of CEA are commonly used in clinical practice for patient
monitoring" ", Tn addition, CEA and CK20 mRNA detec-
tion using RT-PCR methods have been widely investigated
for the detection of CTCs in CRC patients >, Further-
more, EGFR has been suggested as a marker that is seldom
expressed in hematopoietic cells®?!, thus detection of
EGFR over-expression in CRC patients has been correlated
with the advanced clinical stages and disease progression in
CRC patients™™",
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The aim of the present study was to establish a mul-
tiplex PCR assay targeting the detection of CEA, CK20
and EGFR mRNAs in a single PCR reaction and to evalu-
ate its possible clinical use in CRC patients.

MATERIALS AND METHODS

Subjects

Eighty eight patients (56 males and 32 females) with
biopsy-proven primary CRC were enrolled in the study
between June 2007 and June 2009. All patients underwent
surgical resection for the primary tumor at the “Saint Sav-
vas” Anticancer Hospital, the “G. Gennimatas” Athens
General Hospital and the “Attikon” University Hospital,
Athens, Greece. The mean age was 69 years (range 43-
88 years). Peripheral blood samples were also collected
from 40 healthy volunteers (20 men and 20 women),
which were used as negative controls. Informed consent
was obtained from all patients and healthy volunteers. The
study was approved by the local Ethics Committee and
conformed to the ethical standards of the Helsinki Decla-
ration.

Cell lines and tissue samples

HT-29 CRC cells are known to express the 3 molecular
markers used in our experiments and have been used in
spiking experiments for the definition of the sensitivity of
the assay"*”"". HT-29 cells were maintained in Dulbecco’s
modified Eagle’s medium/F-12 (Cambrex, Walkerville,
MD, USA), supplemented with 10% heat-inactivated fetal
bovine serum (Biochrom, Betlin, Germany) and 100 U/mL
penicillin/streptomycin (Cambrex), at 37°C in a humidified
atmosphere of 5% COs.

CRC and matched normal adjacent tissue samples
were obtained from 3 CRC patients during surgery, with
the aim of confirming the expression of CEA, CK20 and
EGFR mRNA in CRC specimens. The samples were col-
lected in RNAlater solution (Ambion, Austin, TX) and
subsequently homogenized (Ultra-Turrax T25; Thermo
Fisher Scientific, Cheshire, UK) in 1 mL Tri Reagent
TR-118 (MRC Inc. Cincinnati, OH, USA) at 500 g.

Blood sample preparation and RNA extraction

Three milliliters peripheral blood samples were taken pr-
eoperatively using a venous catheter into 3 mL. EDTA-
containing vacutainers (2 samples were obtained from
each patient). All blood samples were processed within 4 h
of collection. Each blood sample was added to 7.5 mL of
Erythrocyte Lysis Buffer (ELB) (containing 155 mmol/L
NH:4Cl, 10 mmol/L KHCOs and 0.1 mmol/L EDTA pH
7.4) and kept on ice for 45 min with occasional mixing by
inversion every 5 min, so as to allow erythrocyte lysis. The
samples were then centrifuged at 400 g for 10 min at 4°C
and the supernatant was discarded. The pellet of nuclear
blood cells was resuspended in 5 mL of ELB and kept on
ice for an additional 5 min period in order to remove the
remaining red blood cells. Next, the pellet was centrifuged
at 400 g for 10 min at 4°C. The pellet was then homog-
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Tumor marker Sense Antisense PCR product size (bp) Ref.
CEA 5'-GGGCCACTGTCGGCATCATGATTG-3' 5-TGTAGCTGTTGCAAATGCTTTAAGGAAGAAGC-3' 131 =
CK20 5'-CAGACACACGGTGAACTATGG-3' 5'-GATCAGCTTCCACTGTTAGACG-3' 371 15]
EGFR 5-TCTCAGCAACATGTCGATGG-3' 5'-TCGCACTTCTTACACTTGCG-3' 474 140l

CEA: Carcinoembryonic antigen; CK20: Cytokeratin 20; EGFR: Epidermal growth factor receptor; PCR: Polymerase chain reaction.

enized in 1 mL Tri Reagent TR-118 (MRC Inc. Cincin-
nati, OH, USA) using a 5 mL syringe. Total cellular RNA
was extracted using Tri Reagent TR-118, according to
manufacturer instructions. The RNA pellet was diluted in
diethylpyrocarbonate treated water; total RNA concentra-
tion and purity were determined by UV spectrophotom-
etry (Biospec-nano, Shimadzu Biotech, Kyoto, Japan) and
its quality was confirmed by amplification of cDNA for
[-actin housekeeping gene.

RT-PCR

cDNA was synthesized using Moloney murine leuke-
mia virus (M-MuLV) reverse transcriptase RNase H'
(Finnzymes, Oy, Finland). Briefly, a mixture containing 1 pg
of total RNA, 0.5 pg (25 pg/mL) oligo-dTas primer
(Fermentas) and nuclease free water in a total volume of
15 pL. was heated at 70°C for 5 min and then chilled in ice
for another 5 min. The mixture was supplemented with
0.5 mmol/L deoxynucleotides (HT Biotechnology LTD),
reverse transcriptase buffer containing 50 mmol/L Ttis-
HCI (pH 8.3), 75 mmol/L KCl, 3 mmol/L MgCl, and
10 mmol/L DTT, 40 U Human Placental RNase inhibi-
tor (HT Biotechnology LTD) and finally 200 U M-MuL.V
reverse transcriptase up to a final volume of 20 uL; it
was subsequently incubated at 37°C for 60 min. Table 1
presents the exact sets of primers used in our study. The
sensitivity of the assay was determined in spiking experi-
ments using serial dilutions of HT-29 CRC cells; 10°, 10",
10°, 10%, 10, 1 and 0 cancer cells were added to different
corresponding tubes, each containing 3 mL of blood
taken from the same healthy subject. Spiking experiments
wete followed by erythrocyte lysis and RNA extraction, as
desctibed above.

PCR conditions

Primer pairs were chosen so that the sequences were
located at different exons and their specificity was con-
firmed using NCBI Blast (Table 1). PCR reaction was
petformed using Tag DNA Polymerase (Qiagen, Hilden,
Germany) in a final reaction volume of 25 pyL containing
1 X CoralL.oad PCR Buffer (contains 15 mmol/L MgClz),
1.67 mmol/L MgClz (final concentration), 200 pmol/L
each ANTP and 2.5 U Tag DNA Polymerase; cDNA
volume and primer concentrations varied depending on
the marker and the sample examined. For the amplifica-
tion of tissue sample cDNAs, primer concentrations and
cDNA volumes were 0.4 umol/ L and 2 pl, respectively
for all markers, while cycling conditions were 94°C for
3 min; 94°C for 1 min, 52°C for 1 min, 72°C for 1 min (36
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cycles); 72°C for 10 min for CEA and CK20 cDNA am-
plifications then 94°C for 3 min; 94°C for 1 min, 57°C for
1 min, 72°C for 1 min (35 cycles); 72°C for 10 min for the
amplification of EGFR ¢cDNA. The concentrations and
the cycling conditions concerning PCR reactions in serial
dilutions of HT-29 cells for each marker were as follows:
for the amplification of CEA c¢cDNA, 0.08 umol/L of
primers and 1 pl. of cDNA were used, while the cycling
conditions were 94°C for 3 min, 94°C for 30 s, 58°C for
20 s, 72°C for 30 s (40 cycles); 72°C for 2 min; similarly,
CK20 ¢cDNA was amplified using 0.35 pmol/L of prim-
ers and 1 pL. of ¢cDNA, and PCR cycling conditions were
94°C for 3 min; 94°C for 30 s, 58°C for 20 s, 72°C for 30 s
(36 cycles); 72°C for 2 min; finally, the primer concentra-
ton used for EGFR assays was 0.4 ymol/L and 2 pL of
cDNA added to the PCR mix, while amplification took
place at 94C for 3 min; 94°C for 1 min, 50°C for 1 min,
72°C for 1 min (39 cycles); 72°C for 10 min. For the mul-
tiplex PCR reactions 2 ul. of cDNA were used, adding
ptimer concentrations as follows: CEA 0.06 umol/L,
CK20 0.15 pmol/L and EGFR 0.5 pmol/L. Cycling con-
ditions were 94°C for 15 min; 94°C for 30 s, 58°C for 20 s,
72°C for 30 s (37 cycles); 72°C for 10 min. PCR products
were analyzed by electrophoresis on a 2% agarose gel fol-
lowed by ethidium bromide staining and then captured
under ultraviolet light in a Kodak EDAS 290 imaging sys-
tem (Carestream Health, Rochester, NY, USA).

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences Predictive Analytics Soft-
ware (SPSS PASW Statistics ver. 18.0) (SPSS Inc., Chi-
cago, IL). The potential correlation between the molecular
matker expression and the clinical and pathological char-
acteristics of the patients was tested by Spearman’s cot-
relation. The overall survival rates were calculated using
the Kaplan-Meier estimator and comparisons of survival
curves between patient groups were carried out by the
log-rank test. Overall survival was defined as the inter-
mediate time interval between sampling and either death
or last follow-up. To assess the independent prognostic
significance of factors on overall survival, analysis was
performed using the Cox proportional hazards regression
analysis. A P value < 0.05 was considered to be statistically
significant.

RESULTS
After CEA, CK20 and EGFR mRNA expression was
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Figure 1 Detection of carcinoembryonic antigen, cytokeratin 20 and epidermal growth factor receptor mRNAs in colorectal cancer tissue samples, HT-29
colorectal cancer cells and colorectal cancer patient peripheral blood samples. A: Detection of carcinoembryonic antigen (CEA), cytokeratin 20 (CK20) and epider-
mal growth factor receptor (EGFR) mRNA in pairs of colorectal cancer (CRC) and normal adjacent tissue samples. Lane 0 = molecular weight marker (100 bp); lane 1 =
normal tissue; lane 2 = CRC tissue; B: Assessment of the sensitivity of the reverse transcription polymerase chain reaction (RT-PCR) detections for CEA, CK20 and EGFR
mRNA. Lane 0 = molecular weight marker (100 bp); lane 1 = 10° HT-29 cells in 3 mL of normal blood; lane 2 = 10* HT-29 cells in 3 mL of normal blood; lane 3 = 10° HT-29
cells in 3 mL of normal blood; lane 4 = 10* HT-29 cells in 3 mL of normal blood; lane 5 = 10 HT-29 cells in 3 mL of normal blood; lane 6 = 1 HT-29 cell in 3 mL of normal
blood; lane 7 = normal blood; C: Assessment of the sensitivity of the multiplex RT-PCR detections for CEA (131 bp), CK20 (371 bp) and EGFR (474 bp) mRNA. Lane 0
= molecular weight marker (100 bp); lane 1 = 10° HT-29 cells in 3 mL of normal blood; lane 2 = 10* HT-29 cells in 3 mL of normal blood; lane 3 = 10° HT-29 cells in 3 mL
of normal blood; lane 4 = 107 HT-29 cells in 3 mL of normal blood; lane 5 = 10 HT-29 cells in 3 mL of normal blood; lane 6 = 1 HT-29 cell in 3 mL of normal blood: lane 7
= normal blood; D: An example of multiplex RT-PCR-based detection pattern of tumor marker transcripts in the peripheral blood samples of CRC patients. Left: lane 0 =
molecular weight marker (100 bp); lane 1 = patient sample positive for CEA (131 bp) and CK20 (371 bp) mRNA; lane 2 = patient sample positive for CEA (131 bp) mRNA;
lane 3 = patient sample positive for CEA (131 bp), CK20 (371 bp) and EGFR (474 bp) mRNA; lane 4 = patient sample negative for all markers. Right: lane 0 = molecular

A

CEA (131 bp) —>

3 4 5 6 7

weight marker (100 bp); lanes 1-4 = amplification of 3-actin (172 bp) cDNA of the patient samples presented in the left side of this panel.

confirmed in pairs of CRC and normal adjacent tissue
samples, spiking experiments with HT-29 cells were con-
ducted for establishing the sensitivity of the assay when
each marker was run independently (Figure 1). The as-
say conditions were then accordingly normalized so as
to allow the reproducible detection of 10 HT-29 cells
in 3 mL of normal blood for all 3 markers examined by
multiplex PCR reaction (Figure 1). This cut-off limit has
been shown to be of clinical significance in our studies
with prostate cancer patients M The detection of each
marker both in HT-29 cells and in tissue samples (Figure 1,
Panel A) was followed by digestion of the PCR product
using restriction enzymes (initial development, data not
shown). An example of various detection patterns of
CEA, CK20 and EGFR transcripts is presented in panel
D of Figure 1.

Out of the 40 healthy petipheral blood samples that
were examined, 3 were positive for CEA transcripts,
resulting in a specificity percentage of 92.5%. We were
unable to correlate this finding with any particular clinical
information on file of these volunteers. However, both
CK20 and EGFR transcripts were absent from the analy-
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sis of healthy samples (specificity 100%). CRC patient
characteristics are presented in Table 2.

Cox regression analysis was performed by grouping
CRC patients according to the number of detected tran-
scripts using our assay, with the aim of comparing the
clinical significance of such detection patterns in CRC
patients. Six groups of CRC patients were defined: group
0: no marker expression; group 1: positive only for CEA;
group 2: positive for CEA and CK20; group 3: positive
for all three markers; group 4: patients of groups 1 and
2 and group 5: patients of groups 2 and 3. Disease stage
was found to be an independent prognostic factor for sur-
vival when comparisons were performed between group 1
and group 2 (P = 0.005), between group 2 and group 3 (P
= 0.005), between group 3 and group 4 (P = 0.003) as well
as between group 1 and group 5 (P = 0.002). When group
1 and group 3 were compared, tumor size was found to
correlate significantly with survival (P = 0.040); however,
the analysis showed a suggestive prognostic significance
of other factors, such as lymph node involvement (P =
0.088), stage (P = 0.060), sex (P = 0.062) and the positiv-
ity for all transcripts detection (P = 0.060). Cox regression
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No. of cases
Total cases 88
Sex 56
Male 32
Female
Stage (Astler-Coller)
A 4
B 26
C 27
D 31
Lymph node metastasis
No 34
Yes 54
Surgical intervention
Resection 83
No intervention 5

Distant metastasis
No 57

Yes (liver/lungs/both) 24/2/5
Age (yr), median (min-max) 69 (43-88)
Tumor size (cm), median (min-max) 4.0 (1.0-11.0)

analysis could not be performed for the comparison of
group 0 with the other groups, since all 4 patients with
negative detection for all 3 markers were still alive at the
time of analysis.

Our analysis revealed that 84 of 88 CRC patients
(95.5%) were positive for CEA transcripts; 69 of 88 (78.4%)
were positive for CK20 transcripts and 17 of 88 (19.3%)
were positive for EGFR transcripts. In particular, 3 of 4
(75%) stage A; 23 of 26 (88.5%) stage B; 27 of 27 (100%0)
stage C and 31 of 31 (100%) stage D patients were posi-
tive for CEA transcripts. In addition, 1 of 4 (25%) stage
A, 18 of 26 (69.2%) stage B, 21 of 27 (77.8%) stage C and
29 of 31 (93.5%) stage D CRC patients tested positive for
CK20 transcripts. The EGFR transcripts were detected in
17 of 88 (19.3%) patients: in 2 of 26 (7.7%) stage B; in 4
of 27 (14.8%) stage C and in 11 of 31 (35.5%) stage D. No
EGEFR transcripts were detected in stage A CRC patients.
The correlation of PCR detections to disease stage are
presented in Table 3.

We documented that 84 CRC patients (95.5%) were
positive by multiplex RT-PCR for at least one transcript
(CEA); 69 (78.4%) were positive for at least two transctipts
(CEA plus CK20), whereas 17 (19.3%) were positive for
all 3 transcripts. Four (4.5%) patients showed no transcript
detection. The association between clinical and pathologi-
cal characteristics of patients with multiplex PCR-based
detection of tumor markers was analyzed using Spearman’s
correlation (Table 4). This analysis revealed that any of
the 3 transcript detections was positively correlated with
Astler-Coller stage of the disease, when examined singly
(CEA: Spearman’s p = 0.264, P = 0.013; CK20: Spearman’s
p = 0.306, P = 0.004; EGFR: Spearman’s p = 0.305, P =
0.004). In addition, positive detection of CK20 and CEA
transcripts was positively correlated with serum CEA
levels (CK20: Spearman’ p = 0.285, P = 0.014; CEA:
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CRC patients  No. of positive marker detections in each blood sample

(n = 88) 0 1 2 3
Stage A (1 = 4) 1(25) 2 (50) 1(25) 0(0)
StageB (n=26) 3 (11.5) 5(19.2) 16 (61.5) 2(7.7)
Bl (n=9) 1(11.1) 1(11.1) 7(77.7) 0(0)
B2 (n=17) 2 (11.8) 4(23.5) 9 (52.9) 2 (11.8)
Stage C (n =27) 0 (0) 6 (22.2) 17 (63) 4(14.8)
Cl (n=5) 0 (0) 1 (20) 3 (60) 1 (20)
C2 (n=22) 0 (0) 5 (22.7) 14 (63.6) 3 (13.6)
Stage D (1 = 31) 0 (0) 2 (6.5) 18 (58.1) 11 (35.5)

Disease staging according to the modified Astler-Coller classification. A
positive correlation was revealed using Spearman’s test (Spearman’s p =
0.396, P < 0.001). CRC: Colorectal cancer.

Spearman’s p = 0.228, P = 0.050). Furthermore, a posi-
tive correlation was evident between positive detection of
the three marker transcript panel and Astler-Coller stage
(Spearman’s p = 0.396, P < 0.001), as well as serum CEA
levels (Spearman’s p = 0.253, P = 0.029). Moreover, a
suggestive (marginal) association was depicted when the
positivity for all 3 transcript detections was analyzed us
lymph node involvement (Spearman’s p = 0.216, P = 0.055)
(Table 4).

Interestingly, all CRC patients who tested negative for
all 3 tumor transcripts were alive at the time of verifica-
tion. Of 15 patients who tested positive only for CEA, 14
were alive (93.3%) (follow-up from 9 to 26 mo). Thirty
seven of 52 (71.2%) patients who tested positive for both
CEA and CK20 wete alive while 15 of them (28.8%) had
died (follow-up from 1 to 28 mo). However, 10 of 17
patients who tested positive for all 3 transcripts had died
(58.8%) and only 7 of them (41.2%) were alive (follow-up
from 1 to 23 mo) at the time of analysis.

Kaplan-Meier plots comparing overall survival rates
of groups 1, 2, 3, 4 and 5 are shown in Figure 2. Using
log-rank test, such analysis revealed statistically significant
differences between survival rates of CRC patient groups
with different multiplex RT-PCR detection patterns.
When patients with positive detection for only one marker
(group 1) were compared to those positive for all three
markers (group 3), a statistically significant difference
in survival rates was observed (P = 0.002). Similarly, the
comparison between the patient group with positive de-
tections for two markers (group 2) and positive detections
for all 3 markers (group 3) revealed significant differences
in survival rates (P = 0.007). Likewise, significant survival
differences were documented when survival of group 4
(groups 1 and 2) was compared to sutrvival of group 3 (P
= 0.001). In addition, significant differences in the sur-
vival of CRC patients were also found when group 1 was
compared with group 5 (at least positive for 2 transcripts)
(P = 0.041). No statistical significance was observed when
group 1 was compared to group 2 (P = 0.116).
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Table 4 Analysis of the clinical and pathological characteristics in relation to the detection pattern of circulating tumor

cells using the carcinoembryonic antigen, cytokeratin 20 and epidermal growth factor receptor multiplex assay » (%)

Parameter No. of positive markers in each blood sample P-value
0 1 2 3

Age (yr)

<69 1(24) 7 (17.1) 26 (63.4) 7 (17.1)

> 69 3 (6.4) 8(17) 26 (55.3) 10 (21.3) 0.963
Sex

Male 3(5.4) 8 (14.3) 32 (57.1) 13 (23.2)

Female 1(3.1) 7 (21.9) 20 (62.5) 4 (12.5) 0.294
Stage (Astler-Coller)

A+B 4(133) 7 (23.3) 17 (56.7) 2(67)

C 0 (0) 6(22.2) 17 (63) 4 (14.8)

D 0 (0) 2(6.5) 18 (58.1) 11 (35.5) <0.001
Lymph node involvement'

<3 4(7.1) 11 (19.6) 35 (62.5) 6 (10.7)

>3 0 (0) 4 (16) 14 (56) 7 (28) 0.055
Tumor size (cm)®

<3 2 (10.5) 2 (10.5) 15 (79) 0 (0)

3-5 1(25) 8 (20) 21 (52.5) 10 (25)

>5 1(4.8) 5 (23.8) 11 (52.4) 4(19) 0.774
Differentiation’

Well + moderate 4 (6.8) 10 (17) 36 (61) 9(15.2)

Poor + no 0(0) 4(222) 10 (55.6) 4(222) 0.560
Serum CEA (ng/mL)*

<5 3(10) 9 (30) 12 (40) 6 (20)

5-10 0 (0) 1(7.1) 11 (78.6) 2 (14.3)

>10 0 (0) 4(133) 17 (56.7) 9 (30) 0.029

P-values were calculated by Spearman’s test. 'P-value calculation using data from 81 patients (7 missing values); *P-value calculation using
data from 80 patients (8 missing values); *P-value calculation using data from 77 patients (11 missing values); ‘P-value calculation using data
from 74 patients (14 missing values). CEA: Carcinoembryonic antigen.
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Figure 2 Kaplan-Meier analysis comparing the overall survival of patient groups as developed according to transcript detection patterns for carcinoem-
bryonic antigen, cytokeratin 20 and epidermal growth factor receptor. Group 1: Carcinoembryonic antigen (CEA) positive; Group 2: Positive for 2 markers (CEA
and cytokeratin 20); Group 3: Positive for all markers; Group 4: Combination of groups 1 and 2; Group 5: Combination of groups 2 and 3. Log Rank test P values were
as follows: Groups 1 vs 3: P = 0.002; Groups 2 vs 3: P = 0.007; Groups 4 vs 3: P =0.001; Groups 1 vs 5: P = 0.041; Groups 1 vs 2: P=0.116.
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DISCUSSION

The advantages of multi-marker use for CTC detection in
CRC patients have been previously described™ ", Several
studies have shown that the use of more than one marker
independently increases the sensitivity and the specificity
of CTC detection which correlates with disease stage in
CRC patients”™", However, the application of separate
PCR reactions for each marker can be impractical, time-
consuming and costly. Conversely, the implementation
of multiplex RT-PCR which allows the examination of
multiple marker expression in a single reaction could be
advantageous. The employment of multiplex RT-PCR
on peripheral blood samples represents an easily applied,
non-invasive technique for the detection of CTCs in can-
cer patients’™

The aim of the present study was to develop first and
then to test the clinical significance of a multiplex RT-
PCR-based detection of three markers (CEA, CK20 and
EGFR) in CRC patients. Since we used a short follow-
up petiod, our main analysis was based on overall survival
and not on progression-free survival.

Our multiplex PCR-based detections of CEA, CK20
and EGFR transcripts were characterized by very good
specificity, since none of the 40 healthy donor samples
was found positive for the expression of CK20 or EGFR
mRNA and only 3 control samples tested positive for
CEA transcripts. This revealed that our assay was of high-
er specificity than that of previous studies””"***", The
observed false positive results in control subjects could be
attributed to illegitimate transcription of CEA in mono-
nuclear blood cells. Indeed, it has been reported that CEA
mRNA is detected in peripheral blood CD34+ progenitor
cells™. Based on our data, CEA detection was the most
sensitive (expressed in 95.5% of the CRC patients); the
positivity rate was higher than that observed by Guadagni
et al” or by Ferroni ef a™. 'This, however, may be due to
clinicopathological characteristics of the enrolled patients
in this study and our experimental setting. Moteover, our
data suggested that EGFR is possibly a marker for ad-
vanced stage in CRC (expressed in 19.3% of the patients
and mostly in advanced disease). CK20 detection cot-
responded to a detection rate of 78.4%, higher than that
reported previously by other groups™""**. Again, these
detection rate discrepancies among studies using the same
mRNA markers can be attributed to patient characteris-
tics, as well as to the particular experimental conditions
used by each research group.

Herein, our results revealed that the increasing num-
ber of the transcripts detected in this experimental setting
could distinguish certain patient groups having signifi-
cantly different overall survival. However, the detection
of 1 (CEA) vs the detection of 2 markers (CEA plus
CK20) did not show any statistically significant difference
in overall survival (P = 0.1106), which may be attributed
to the short follow-up period. Notably, none of the CRC
patients who tested negative for all 3 markers died during
follow-up. These tesults ate in concert with the results of
Wang ¢ al”, who examined 2 membrane array-based de-
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tection of 4 mRNA markers, including CEA and CK20,
in 157 CRC patients and found that the positive detection
of all 4 markers (human telomerase reverse transcriptase,
CK19, CK20, and CEA) was associated with poor overall
survival. Similar results were reported by Uen ez al' ana-
lyzing the detection of the same transcripts with progres-
sion-free survival in CRC patients.

In addition, Spearman’s test revealed a positive cor-
relation of positive detection for all 3 transcripts in our
assay with higher disease stage and preoperative serum
CEA levels. Furthermore, a suggestive correlation was
also evident between positive detection of transcripts and
higher level of lymph node involvement, suggesting that
the higher number of tumor markers detected as positive
by multiplex PCR assay is associated with higher levels of
serum CEA and a larger amount of lymph node involve-
ment, which are considered as indicators of advanced
disease. This is in concert with the findings of Yeh ez al®™.
Other studies have also examined the detection of CEA,
CK20 or EGFR transcripts, however, using single PCR-
based assays and reported that the higher number of posi-
tive detections correlated with disease stag(am’zz’p’59J and
serum CEA levels™! or the presence of lymph node
metastasis™ .

Herein, the increased number of positive multiplex
PCR-based detections in each blood sample correlated
with overall survival in CRC patients. Although the detec-
tion of the three marker panel was not found to be an in-
dependent prognostic factor of overall survival using Cox
regression analysis, the log-rank test documented signifi-
cant differences in overall survival rates among the patient
groups formed according to the number of positive detec-
tions in each blood sample of CRC patients.

Nevertheless, our data suggested that our multiplex
RT-PCR assay can provide useful information concerning
CRC stage and overall survival. The combination of the
mRNA markers in a single reaction could be of clinical
value in the early detection of disseminated disease and
monitoring of CRC patients, as it has been documented
in other malignancies[5’4]’45’64’65]. Future larger-scale studies
and longer follow-up surveys would prove the clinical sig-
nificance and prognostic importance of multiplex PCR-
based detection of CTCs using CEA, CK20 and EGFR
in CRC patients.

COMMENTS

Background

Colorectal cancer (CRC) is one of the most frequently diagnosed malignancies
in both men and women. Overall survival is associated with the disease stage
at the time of diagnosis, suggesting that early detection of disseminated dis-
ease may be of great significance. Detection of disseminated tumor cells in the
peripheral blood of CRC patients could be promising for the early detection of
disseminated disease and monitoring of CRC patients.

Research frontiers

Various techniques have been used for the detection of circulating tumor cells
(CTCs) derived by solid tumors; among those, reverse transcription polymerase
chain reaction (RT-PCR)-based methods have allowed the sensitive detection
of CTCs in peripheral blood samples. Among several molecular markers, cyto-
keratin 20 (CK20), carcinoembryonic antigen (CEA) and epidermal growth fac-
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tor receptor (EGFR) are those more frequently used for CTC detection in CRC
using PCR-based methods.

Innovations and breakthroughs

Several studies have shown that the use of more than one marker indepen-
dently increases the sensitivity and the specificity of the CTC detection in CRC
patients. However, the application of separate PCR reactions for each marker
can be impractical, while the implementation of multiplex RT-PCR allows the
examination of multiple marker expression in a single reaction. The employment
of multiplex RT-PCR in peripheral blood samples represents an easily applied,
non-invasive technique for the detection of CTCs in cancer patients. The results
showed that multiplex RT-PCR assay can provide useful information concerning
CRC stage and overall survival.

Applications

The combination of MRNA markers in a single reaction could be of clinical value
in the early detection of disseminated disease and monitoring of CRC patients.
Future larger-scale studies and longer follow-up surveys would prove the clini-
cal significance and prognostic importance of multiplex PCR-based detection of
CTCs using CEA, CK20 and EGFR mRNA in CRC patients.

Terminology

CK20 is a member of the intermediate filament protein family and a prominent
component of intestinal epithelium. CEA is a high molecular weight glycopro-
tein that plays a role in CRC metastasis. EGFR exerts control over normal cell
growth and cancer pathogenesis in humans. Their mMRNAs can be used as
markers for the identification of CTCs in peripheral blood samples of CRC pa-
tients.

Peer review

This is a well written and produced paper with an important message. This
original paper uses multiplex PCR assay for CK20, CEA and EGFR on blood
samples to give information about CRC stage and prognosis. The authors have
only studied small numbers of cases but the initial results are very encouraging.
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