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Abstract

Purpose Recently, the detection of circulating tumor cells
(CTCs) in peripheral blood has become an important tool
for the non-invasive assessment of micrometastases and to
predict clinical outcome. The objective of this study was to
investigate if the presence of CTCs in peripheral blood
influences the prognosis in colorectal cancer (CRC) patients
without distant organ metastases.

Methods The GCC mRNA and CK20 mRNA levels in
peripheral blood and the serum levels of CEA of 92 CRC
patients without distant organ metastasis were analyzed by
quantitative RT-PCR and ELISA, respectively. Its associa-
tions with overall survival (OS) and disease-free survival
(DFS) rates were analyzed.

Results Univariate analyses showed that lower OS and DFS
rates were significantly associated with GCC and CK20
mRNA levels, the presence of lymph node metastases, the
presence of mesenteric root lymph node metastases, and the
presence of tumor emboli in vessels (p<0.05), but not with
CEA levels. Multivariate analyses showed a significant
association between 1) OS and GCC mRNA levels and
differentiation types and 2) DFS and the presence of tumor
emboli in the vessels. Kaplan-Meier curves showed that
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DFS was significantly associated with the presence of poor-
ly differentiated cells, the presence of mesenteric root lymph
node metastases having received prior chemotherapy, and
the presence of tumor emboli in vessels.

Conclusion The detection of CTCs in peripheral blood may
be useful for the prediction of clinical outcome in CRC
patients without distant organ metastases.

Keywords Circulating tumor cells - Colorectal cancer -
Tumor embolus - Guanynyl cyclase - CK20 - Survival

1 Introduction

Despite significant progress in reducing mortality rates and
improving survival rates in patients, cancer is still the lead-
ing cause of death worldwide [1-3]. Colorectal cancer
(CRC) is the second leading cause of death in the United
States and has a mortality rate of almost 62 % [2]. A major
factor for this high mortality rate is the development of
metastases from the primary tumor site to distant organs
via relatively poorly understood mechanisms. The process
of metastasis involves the shedding of tumor cells from the
primary mass and their subsequent dissemination into ex-
tracellular spaces via the blood stream or the lymphatic
system. The presence of these disseminated tumor cells
has been suggested to be a prognostic factor after surgical
resection of the primary tumor [4, 5].

The detection of circulating tumor cells (CTCs) in periph-
eral blood has recently emerged as an important tool for the
non-invasive assessment of micro-metastases and for the pre-
dicon of clinical outcome [6]. Identification of CTCs is pri-
marily done using either nucleic acid based or cytometric
approaches [7-9]. Although RT-PCR based assays are ex-
tremely sensitive, there has been a recent shift towards the
use of the Cell Search System, which is the only FDA-
approved cytometric assay to estimate the number of CTCs
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in whole blood [10, 11]. However, the prognostic relevance of
CTCs in CRC patients with early- and middle-stage disease
without metastases remains unclear and needs further
investigation.

A number of tumor markers, such as guanylyl cyclase
(GCC), cytokeratins CK19 and CK20, and carcinoem-
bryonic antigen (CEA), have been shown to be specifically
and stably expressed in primary and metastatic CRC cells
and, as such, have been used for the efficient detection of
CTCs in peripheral blood [12—-14]. GCC, is an intestine-
specific member of the guanylyl cyclases family [13, 15-18]
and has been used to identify occult colorectal micro-
metastases in peripheral blood of patients [19, 20]. CK20
is a member of the cytokeratin family of proteins and is
expressed in primary colorectal tumors and their metastases
[14, 21, 22]. GCC and CK20 mRNA levels in peripheral
blood have previously been shown to serve as CTC-
associated factors in CRC patients [11, 23] and have been
used as tumor markers to detect disseminated tumor cells
and occult metastases in peripheral blood of CRC patients,
and to improve the early detection of distant organ metasta-
ses [11, 24]. However, since some of the markers used to
detect CTCs are not cell type-specific, recent studies have
suggested that the assessment of a combination of CTC
markers could increase the efficiency of CTC detection, as
compared to the analysis of single markers [25].

In this study, we investigated if the presence of CTCs in
peripheral blood influences the prognosis in CRC patients
without distant organ metastases.

2 Methods
2.1 Patient information

We recruited a total of 92 patients with colorectal carcino-
mas who underwent surgical treatment at the Surgical De-
partment of Colorectal Cancer of the Zhejiang Cancer
Hospital, Hangzhou, China between November 2007 and
March 2012. Patients with a known second neoplastic dis-
ease or benign intestinal tumors were excluded from the
study. Routine pathological examinations were used to ex-
amine 92 tumor samples from 92 patients. The mean age
was 56.4 years (SD=12.2). The study population comprised
60 (65.2 %) males and 32 (34.8 %) females. There were 24
(26.1 %) colon carcinomas and 68 (73.9 %) rectal carcino-
mas. Based on the UICC Classification of Colorectal Can-
cer, 18 patients (19.6 %) were classified as stage 1, 34
patients (37.0 %) as stage II and 40 patients (43.5 %) as
stage III. Stage II and III patients at risk for metastasis were
treated with standard venous or oral chemotherapy regi-
mens. Altogether, 41 patients (44.5 %) received only surgi-
cal treatment, while 19 patients (20.7 %) received oral
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chemotherapy and 32 patients (34.8 %) received venous
chemotherapy post-surgery. All study protocols were ap-
proved by the Institutional Review Board and informed
consent was obtained from all study participants.

2.2 Blood samples and tumor markers

Blood samples were drawn simultaneously for 1) the anal-
ysis of serum tumor markers and 2) the determination of
GCC and CK20 mRNA levels. Peripheral venous blood was
obtained at the time of primary staging, before surgery. The
first 2 ml aliquot of blood was discarded in order to mini-
mize the possibility of false-positives and 5 ml of blood was
then collected into EDTA-containing vacutainer tubes. All
samples were processed within 2 h of collection, immedi-
ately stored in cryovials, shock frozen in liquid nitrogen and
stored at —80 °C until further processing. CEA was detected
using an ARCHITECT 12000 kit (Abbott Diagnostics;
Abbott Park, IL, USA) for routine enzyme immunoassays.
Based on the manufacturer’s recommendations, CEA levels
of >5 ng/ml were considered positive.

2.3 Quantitative real-time RT-PCR detection of CK20
and GCC mRNA

RNA was extracted from peripheral venous blood using
Trizol (Invitrogen, USA) according to the manufacturer’s
instructions. GCC mRNA and CK20 mRNA were prepared
from 2 pg of total RNA using GCC mRNA and CK20
mRNA quantitative PCR kits (Shanghai Jiusheng medical
supplies Co. Ltd.) according to the manufacturer’s instruc-
tions. Primers were designed as previously described [26].
The primer sequences for GCC mRNA were:

upstream primer 5" TACGGCTCAATCGCCTTGAC 3;
downstream primer 5" ATCGTAAGGCTAGCCAGTA 3 ;
Tagman probe 5’ -FAM-TCATGCACCGTAACGTAGC-
TAMRA-3'.

The primer sequences for CK20 mRNA were:
upstream primer 5' CAGGTCAGTGTGGAGGTGGAT 3 /;
downstream primer 5 TTCGCATGTCACTCAGGAT
CTT3 "

Tagman probe 5’ -FAM-CCGCTCCGGGCACCGA
TCT-TAMRA-3".

The PCR amplifications included an initial denaturation
step of 2 min at 93 °C followed by 40 cycles of 95 °C for
15 s and 60 °C for 1 min. The concentrations of GCC and
CK20 mRNA (unit: gene copy number/pl) were calculated
using the formula: A (copy number/pg total RNA)=B (copy
number/ul ¢cDNA)/OD260 value of sample RNA x 5/6.
Quantitative Real-Time RT-PCR detection was performed
using an ABI 7500 Fast Real-Time PCR System (Applied
Biosystems; Foster City, CA, U.S.A). We selected a cut-off
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value of 500 copies for GCC mRNA and CK20 mRNA
based on 1) the manufacturer’s instructions and internation-
ally used cut-off levels, 2) previous results, which showed a
reaction efficiency of >92 %, a coefficient of variation of
<5 %, a linearity of >6 orders of magnitude and a limit of
quantification of >25 copies of GCC cRNA [20]. We also
calculated the distribution curve (patients versus copy num-
ber). The selected 500 copies as the cutoff value for GCC
mRNA showed that there were two major groups. In the first
group, the highest GCC mRNA copy number was 364 (n=
40 with 0 copies). In the second group, the minimum copy
number was 569. The selected 500 copies as the cutoff value
for CK20 mRNA also showed that there were two major
groups. In the first group, the highest CK 20 mRNA copy
number was 362 (n=45 with 0 copies). In the second group,
the minimum copy number was 573 (supplementary
Figure 1).

2.4 Follow-up

All patients were followed up by periodic intervals at the
Surgical Department of Colorectal Cancer of the Zhejiang
Cancer Hospital. This follow-up was performed by letter,
telephone and self-comprehensive review, in order to make
sure that the patients were alive and to evaluate whether they
had developed local recurrences or distant organ metastases.
The median follow-up time was 43.3 months (range from 6
to 52 months) and the follow-up was completed on March
30, 2012. Overall survival (OS) was defined as the duration
between disease diagnosis and death or until the last follow-
up. Disease-free survival (DFS) was defined as the time
after surgical treatment during which the patient survived
with no signs of the cancer. The end of follow-up was
defined as the date at which the patient died due to tumor
recurrence or metastasis during the research period. “Cen-
sored date” was defined as the date at which the patient died
of other causes, or the termination of observation when the
patient was still alive.

2.5 Statistical analysis

Subjects’ demographics and clinical characteristics were
represented as n (%). Dispersion of GCC mRNA levels,
CK20 mRNA levels, and CEA levels were summarized as
n (%) for a given subject’s demographics and clinical char-
acteristics. Non-parametric methods such as the Mann—
Whitney U test or the Kruskall Wallis test were used to
compare ordinal data such as GCC mRNA levels, CK20
mRNA levels, and CEA levels. Univariate Cox-regression
model analysis was performed to assess associations of OS
and DFS with GCC mRNA levels, CK20 mRNA levels,
CEA levels, and the subject’s demographics and clinical
characteristics. Variables with a P value <0.2 in univariate

Cox-regression model analysis were put into multivariate
Cox-regression model analysis equivalent to Backward
Stepwise (Conditional LR). Kaplan-Meier curves with
Log-rank test were also performed to evaluate OS or DFS
for a given GCC mRNA level, CK20 mRNA level, or CEA
level. P<0.05 was considered statistically significant. All
statistical analyses were performed using PASW statistics
software version 18.0 (SPSS Inc, Chicago, IL, USA).

3 Results

A total of 92 subjects was recruited for this study. Of these,
26 (28.3 %) were younger than 50 years and 66 (71.7 %)
were older than 50 years. Patient demographics and associ-
ations between clinical characteristics and GCC mRNA
levels, CK20 mRNA levels, and CEA levels are listed in
Table 1. The observed power was 78.9 % based on a
mortality rate equivalent to 3.50 % (2/57) observed for the
57 patients with GCC mRNA with <500 GCC mRNA
copies and 25.71 % (9/35) observed for the 35 patients with
>500 GCC mRNA copies (The type I error probability
associated with this test of null hypothesis was 0.05).

We found a significant association between GCC mRNA
and CK20 mRNA levels and the presence of tumor emboli
(P=0.004 and P=0.039, respectively), while CEA levels
were significantly associated with depth infiltration, TNM
staging, and lymph node metastasis (P=0.022, 0.022, and
0.007, respectively).

More than 50 % of the study participants were alive
during the follow-up period. The average survival time
was 43.3 months (range 6 to 52). Of the remaining
patients, 11 patients (12 %) died during the follow-up
period. The 6-month, 1-year, 3-year, and 4-year survival
rates were 98.9 %, 97.8 %, 89.1 %, and 88 %, respec-
tively (data not shown). We found that OS as well as
DFS were significantly associated with GCC mRNA
levels and CK20 mRNA levels (both P<0.05) but not
with CEA levels (Table 1).

We used Univariate Cox-regression model analysis to
assess associations of OS and DFS with GCC mRNA levels,
CK20 mRNA levels, CEA levels, and subjects’ demograph-
ics and clinical characteristics (Table 2). Lower OS was
significantly associated with high levels of GCC mRNA
(HR=7.92, 95 % CI=1.71 to 36.70, P=0.008) and CK20
mRNA (HR=5.50, 95 % CI=1.46 to 20.74, P=0.012).
Lower OS was also significantly associated with the pres-
ence of mesenteric root lymph node metastases (HR=6.78,
95 % CI=1.98 to 23.21, P=0.002) and the presence of
tumor emboli in vessels (HR=5.08, 95 % CI=1.48 to
17.36, P=0.010). DFS was significantly associated with
GCC mRNA levels (HR=2.73, 95 % CI=1.18 to 6.30, P=
0.019), CK20 mRNA levels (HR=2.68, 95 % CI=1.17 to
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é % 2 ‘§ 5 6.11, P=0.019), presence of lymph node metastases (HR=
< = = g 2.74, 95 % CI=1.16 to 6.46, P=0.022), presence of mesen-
5 E teric root lymph node metastases (HR=3.52, 95 % CI=1.30
E ae oo oo B < to 9.49, P=0.013), having received prior chemotherapy
2 P A g % (HR=2.47, 95 % CI=1.02 to 5.96, P=0.044), and the pres-
<AC fl1laa8 348 & l,‘:i/ 3O ence of tumor emboli in vessels (HR=5.27, 95 % CI=2.27
dilax a~ g2 TS t0 12,21, P<0.001) (Table 2).
_§ E Based on previous data [27], we selected variables which
E s 5 had a P value <0.05 in our univariate Cox-regression model
e .%0 [o\\" :l\" :\l\" z\‘: lc\\" om\" g é analysis, and analyzed them using a multivariate Cox-
j’ \ig Slegs T2 g€« § = regression model method equivalent to Backward Stepwise
fEl g 5 E ¥ g é’ g % (Conditional LR) analysis, in order to evaluate the combined
E° effects related to OS and DFS. The variables analyzed
8 % % E, :%9 included GCC mRNA levels, CEA levels, and differentia-
g ) = S e tion type. Although our univariate analysis indicated that
R < < i~ < CK20 mRNA was associated with OS and DFS, we did not
% _ <8 oo E: § include this in our multivariate analysis because our statis-
N S X —a| 2= tical data showed that OS or DFS exhibited a more signif-
§ ﬁ a?z &t §3 % E icant correlation with GCC mRNA levels and CEA levels
Tl g% xa|Z2E than with CK20 mRNA levels.
< g 5 By doing so, we found a significant association between
2L |S5 £ =5|E% 0S and GCC mRNA levels (HR=8.68, 95 % CI=1.88 to
E S~ =22 2o ey 10.62, P=0.006) and differentiation types (HA=3.98, 95 %
g8t |S2 $¢ ©=|z5 CI=1.03 to 15.46, P=0.046) (Table 3). We also observed a
clvis|s~— @ o < E significant association between DFS and the presence of
o 2 E - tumor emboli in the vessels (HR=4.15, 95 % CI=1.69 to
é *é' *g § % :% 10.17, P=0.002) (Table 4). Using pair-wise combinations,
A < S Q :2% g we found no significant associations between combinations
4 sz 225 o2 g < g of GCC mRNA, CK20 mRNA or CEA levels with OS or
2 S © = e S lzs 2 DEFS (data not shown).
Eﬁ\ 2 E i ; ;; % é g g We used Kaplan Meier survival curves to evaluate the
% l‘:/ ;c__: E 5 > E E E % E relationship between 4 year OS and DFS in our CRC study
S E g group and the following six prognosis related factors; 1)
<Zf 8 e £ &5 Z § g tumor emboli in vessels, 2) peripheral blood GCC mRNA
% 5‘(\\ e 23 2|3 § g levels, 3) peripheral blood CK20 mRNA levels, 4) differen-
~ & ©o = o & S &b _r .
S § 'E S S8 =al 2 5 g tiation type, 5) mesenteric root lymph node metastases and
oclvislsy = v = 88 3 6) postoperative chemotherapy (Figs. 1 and 2). A log-rank
o e o —E 2 test showed a significant difference in cumulative survival
_ i i S8 &5 g8 i;?) rates and DFS rates at different GCC mRNA, CK20 mRNA
5 £8 32 egg|fs 2 and CEA levels (all P<0.05).
22 €8 == 2¥Q|5Eg =
S
£ :‘% § 4 Discussion
52 ¢
'TE) E _ %‘ In this study, we show that the presence of CTCs in periph-
El -z 2 eral blood, the presence of tumor emboli in vessels and
88 < ) mesenteric lymph node metastases 1) are all risk factors
=) " :‘é{E o 7 for metastasis in CRC patients without distant organ metas-
g " 33 @5 T% § tases and 2) may predict prognosis in these patients. A
g g é g g T>> E number of studies have previously assessed the prognostic
- _*E = - E B %i g value of CTCs t.o guide post-surgery mz.magement in colo-
=| g o 8 B2 8§ § o3| &8 E S rectal cancer patients, and have used peripheral blood GCC
S AN~ ol IR - and CK20 mRNA levels to detect CTCs [12, 28]. However,
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% “en *g S *S Table 3 Multivariate Cox-regression model analysis of overall surviv-
d S S = S al (OS) times
a9 = S o \VJ
Variables HR (95 % CI) P-value
GCC mRNA level
<500 copies Reference
. >500 copies 8.68 (1.88-10.62) 0.006"
§ ~ CEA level
é . & g 3 CEA =5 ng/ml Reference
~10C R N CEA>5 ng/ml 3.06 (0.88-10.62) 0.078
o o -
£l & s = = =z 2a . Differentiation type
% 2’ 8 E 8 5 ; 8 g 2z Low Reference
Q [0} [ —
A= & en Mo S [~V g High 3.98 (1.03-15.46) 0.046*
©
3 Results were represented as hazard ratio (HR) with respective 95 %
§ confidence interval of HR (95 % CI)
2 Variables were selected from univariate Cox-regression model analysis
3] with a <0.05 and put into multivariate Cox-regression model analysis
. ;30 with method=Backward Stepwise (Conditional LR)
= ‘o = = s | & * P<0.05, indicates significant
g g g 3¢ : ¢
~ = S S S 2
g the association between GCC and CK20 mRNA levels and
E patient survival has not been previously reported.
) Dissemination of tumor cells from the primary tumor to
= . o . .
2 distant sites is thought to occur early in the disease process
s = 29]. The efficiency of detection of these CTCs is dependent
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Fig. 1 Kaplan-Meier curve of OS time for a given GCC mRNA level (a), CK20 mRNA level (b), and CEA level (c), respectively. P-values were

derived from Log-rank test

significant association between serum CEA levels and 3 year
DEFS in CRC patients (P >0.05).

Of the different CTC markers, CK20 has been used
alone and in combination with other markers, although
its use was limited by the fact that 1) it is expressed in
the intestinal tract as well as parenteral tissues and 2) its
expression failed to show prognostic value in some studies
[14, 21, 25, 35]. GCC is expressed in apical membranes of
intestinal epithelial cells [13, 19], primary and metastatic
colorectal tumors [15, 19, 20] and may, therefore, qualify

@ Springer

as an efficacious mucosa-restricted therapeutic target in
colorectal cancer [36, 37]. Quantification of GCC mRNA
levels in lymph node tissues has previously been used as a
means to evaluate metastasis in CRC patients [20]. Based
on the fact that CK20 is an epithelial tissue-specific mark-
er and GCC is an intestinal tissue-specific marker, we
determined the expression levels of both GCC and CK20
in peripheral blood of CRC patients. Our data are in
agreement with previous reports [19, 38] and showed that
33.78 % and 31.08 % of the CRC patients were positive
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for GCC and CK20 mRNA, respectively. Our data also
agreed with previous reports showing that high GCC
and CK20 mRNA levels served as risk factors for
metastatic progression and as useful predictors for poor
prognosis [39]. Survival rates of gastric cancer, pancre-
atic cancer and CRC patients who were positive for
CK20 mRNA have been found to be significantly
shorter compared to CK20-negative patients [40]. How-
ever, unlike previous reports [34, 41, 42], we found that
the combined prognostic power of the GCC and CK20

markers was not superior to the power of either GCC or
CK20 alone to predict OS and DFS (supplementary
Figure 2). This could be due to 1) the detection meth-
ods used or 2) a decreased sensitivity of detection of
the GCC/CK20 mRNA combination compared to detec-
tion of each marker separately. Our data suggest an
advantage of determining the expression of tissue-
specific markers combined with tumor-specific markers
in order to improve the efficiency of CTC detection in
peripheral blood samples.
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Our Kaplan Meier survival data agree with previous
studies [11, 23, 43] and show that the presence of poorly
differentiated cells, mesenteric root lymph node metastases
and tumor emboli in vessels are all significantly associated
with a reduced DFS. As yet, the association between dura-
tion of chemotherapy and survival is not well understood
and evaluation of gene expression patterns has been used as
a tool to predict prognosis and to identify early-stage
patients who may be managed without chemotherapy
[44-46]. Our study suggests that middle-stage patients have
a worse prognosis than early-stage patients, even if they
received reasonable chemotherapy.

In conclusion, our study shows a significant association
between 1) GCC mRNA levels and OS and 2) presence of
tumor emboli in vessels and DFS. We also show that pe-
ripheral blood GCC and CK20 mRNA levels act as inde-
pendent prognostic factors for 3 year DFS with or without
stratified stage analysis. Our data suggest that the detection
of CTCs may become a valuable tool in routine examina-
tions to diagnose micrometastases to blood, liver, lung and
bone marrow. The advantages of evaluating the presence of
intestinal tissue-associated tumor markers such as GCC and
CK20 mRNA levels during preoperative diagnosis, intra-
operative examination and postoperative follow-up visits are
evident. Our data suggest that the detection of CTCs may
influence the final tumor staging, determine therapeutic
regimens and, most importantly, predict survival.
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