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Abstract

The prognosis of metastatic cancer patients is still largely affected by treatment failure, mainly due to drug resistance. The hypothesis
that chemotherapy might miss circulating tumour cells (CTCs) and particularly a subpopulation of more aggressive, stem-like CTCs,
characterized by multidrug resistance, has been recently raised. We investigated the prognostic value of drug resistance and stemness
markers in CTCs from metastatic colorectal cancer patients treated with oxaliplatin (L-OHP) and 5-fluoruracil (5-FU) based regimens.
Forty patients with metastatic colorectal cancer were enrolled. CTCs were isolated from peripheral blood and analysed for the expres-
sion of aldheyde dehydrogenase 1 (ALDH1), CD44, CD133 (used as markers of stemness), multidrug resistance related protein 5
(MRP5 used as marker of resistance to 5-FU and L-OHP) and survivin (used as a marker of apoptosis resistance). CTCs were found in
27/40 (67%) patients. No correlation was found between the expression of either CD44 and CD133 in CTCs and the outcome of patients,
while a statistically significant shorter progression-free survival was found in patients with CTCs positive for the expression of ALDHT,
survivin and MRP5. These results support the idea that isolating survivin and MRP5™ CTCs may help in the selection of metastatic col-
orectal cancer patients resistant to standard 5-FU and L-OHP based chemotherapy, for which alternative regimens may be appropriate.
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Introduction

Colorectal cancer represents the second leading cause of cancer-
related deaths due to therapy resistance both in Europe and United
States. Drug resistance is thought to cause treatment failure in
over 90% of patients with metastatic cancer, while drug resistant
micrometastic tumour cells may also reduce the impact of adju-
vant chemotherapy treatment [1].

Drug resistance, underlying tumour recurrence and the lack of
curative treatments in metastatic disease, raises the question
whether conventional anticancer therapies target the right cells.
Indeed, these treatments might miss circulating tumour cells
(CTCs), and particularly the chemoresistant and radioresistant
subpopulation within them.
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Recent evidences suggest that the count of CTCs has prognos-
tic significance in metastatic colorectal cancer, as well as in other
epithelial malignancies. It has been suggested that more aggres-
sive CTCs share genotypic characteristics with cancer stem cells,
characterized by multidrug resistance, which allow these cells to
drive tumour growth evading apoptosis and conventional therapy
[2]. In colorectal cancer, specifically, CD44, CD133 and aldheyde
dehydrogenase 1 (ALDH1) have been recently suggested as
potential markers of colorectal cancer stemness [3]. Apoptosis
evasion through the overexpression of survivin also represents
one of the mechanisms by which tumour cells acquire the ability
to enter into the blood flow and escape to drug-induced death. In
colon cancer, specifically, the induction of survivin signalling
pathway represents one mechanism of resistance to oxaliplatin
(L-OHP) and 5-fluoruracil (5-FU) by modulating caspase-dependent
and caspase-independent apoptosis [4]. Furthermore, the expres-
sion of multidrug resistance related protein 5 (MRP5), belonging
to ATP binding cassette transporters family, is associated to
resistance to 5-FU and platin compounds [5]. In a previous study,
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Fig. 1 Kaplan—Meier curves showing the difference in PFS between patients with CTCs positive and negative for ALDH1 (A), survivin (B) and MRP5

(C) expression.

we demonstrated that a drug resistance profile on CTCs from
epithelial cancers through the evaluation of specific MRPs is pre-
dictive of resistance to chemotherapy, independently of tumour
type and stage of disease [6, 7].

We thus investigated the prognostic significance of drug resist-
ance and stemness markers in CTCs isolated from metastatic col-
orectal cancer patients treated with L-OHP and 5-FU based regimens.

Patients and methods

Forty (40) patients with metastatic colorectal cancer were enrolled between
October 2007 and October 2009 at ‘Sapienza’ University of Rome.
Inclusion criteria were measurable metastatic colorectal cancer, com-
mencement of a new systemic therapy with 5-FU and L-OHP, with Eastern
Cooperative Oncology Group performance status score of 0 to 2. All
patients signed an informed consent. CTCs were isolated from 10 cc of
peripheral blood by CELLection™ Dynabeads® coated with the monoclonal
antibody towards the human epithelial cell adhesion molecule. From the
isolated CTCs cDNAs were synthesised and subjected to PCR amplifica-
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tions specific for CEA (used as a marker for colorectal cancer cells) ALDH1,
CD44, CD133 (used as markers of stemness), MRP5 (used as marker of
resistance to 5-FU and L-OHP) and survivin (used as a marker of apop-
tosis resistance). Statistical analysis was performed with BMDP statistical
software, version 7 (Statistical Solutions, Saugus, MA, USA) and SPSS
(Chicago, version 15.00 for Windows). Progression-free survival (PFS)
was defined as the time elapsed between the date of blood sampling,
corresponding to the start of treatment and the date of clinical disease
progression or death for any cause.

Kaplan—Meier product-limit method was used to correlate PFS with
expression of survivin, MRP5, ALDH1, CD133 and CD44. Different prog-
nostic groups were compared using the log rank test. A P-value of less
than.05 was considered statistically significant.

Results

Twenty-seven of 40 (67%) patients were found positive for the
presence of CTCs. In the group of CTC™ patients, 12/27 (45%)
had progression of disease (PD) and 15/27 (55%) had a clinical
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Fig. 2 CEA, CD133, CD44, ALDH-1, MRP5 and survivin RT-PCR amplifica-
tion products obtained by CTCs isolated from four colorectal cancer
patients (lanes 1-4) loaded on 2% agarose gel; +, positive control; —, neg-
ative control (sample without RNA); M, molecular weight marker.

response (CR) during the time course of chemotherapy with
L-OHP and 5-FU based regimens.

An amplification reaction with CEA primers was performed on
RNAs extracted from CTC™ patients; all 27 samples were found
positive.

ALDH1" CTCs were detected in 9 (33%) out of 27 CTC*
patients. Among these ALDH1™ patients, six had a PD and three a
CR. A significant correlation between ALDH1 expression and poor
outcome (P = 0.046) was found (Fig. 1A). CD44™ and CD133"
CTCs were found in 3/27 (11%) and 2/27 (7%) patients, respec-
tively. No correlation was found between expression of either
CD44 and CD133 or outcome of patients (P = 0.8 for both).
Survivin was detected in CTCs from 13/27 (48%) patients. In the
group of survivin positive patients, 10/13 (77%) had PD and 3/13
(23%) had CR. In the group of 14 survivin negative patients, PD
was observed in 2/14 (14%) of cases, and CR in 12/14 (86%). The
difference in PFS between the two groups was found statistically
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significant (P < 0.001) (Fig. 1B). MRP5, which transports L-OHP
and 5-FU, was found expressed in CTCs from 15/27 patients
(55%). Among these patients, 12 were in PD and 3 in CR. MRP5*
patients had a significantly shorter PFS compared to patients
whose CTCs were negative for MRP5 expression (P < 0.001)
(Fig. 1C). In Fig. 2, RT-PCR amplification products for all genes
examined in CTCs from four exemplificative patients are shown.
The expression of all markers analysed on GTCs in the population
with and without drug resistance is shown in Table 1.

Discussion

Recent in vitro studies suggest that survivin expression repre-
sents a significant and independent predictor of resistance to
L-OHP and 5-FU. Consistently with this observation, we
describe for the first time that expression of survivin is a
significant indicator of poor response to 5-FU and L-OHP in
CTCs from metastatic colorectal cancer patients. Thus, the first
conclusion is that the detection of survivin-positive CTCs may
be predictive of poor response to chemotherapy in metastatic
colorectal cancer. In a similar manner, patients whose CTCs
express MRP5 had a shorter PFS and higher progression rate
when treated with 5-FU and L-OHP specific MRP5 substrates.
Preliminary data obtained in vitro have suggested that survivin
plays a role in the chemoresistance mediated by p-glicoprotein
(Pgp) in breast cancer cells by modulating the turnover of
Pgp or transport by Pgp in the cell, which then results in anti-
apoptosis and drug resistance [8]. Furthermore, the association
between survivin and Pgp has been correlated to poor prognosis
of patients [9].

In our series a similar concomitant expression of survivin and
MRP5 was found in CTCs from 13/15 (87%) patients, all charac-
terized by early progression of disease; we thus suggest that the
expression of survivin may directly interfere with MRP5 mediated
drug resistance, resulting in chemotherapy failure.

In addition, it has been demonstrated that drug resistance is
often associated with ALDH1 expression in several cancer tissues;
thus it was expected that ALDH1 would be associated with poor
prognosis due to chemotherapy inefficiency. Corresponding
experimental results for CTCs are still outstanding, except for
breast cancer, where it has been recently demonstrated that the
expression of ALDH1 among CTCs is associated with therapy fail-
ure [10]. To date, no similar data on CTCs have been reported for
colorectal cancer.

In conclusion, these results may suggest that isolating survivin
and MRP5 expressing CTCs may help in the selection of metasta-
tic colorectal cancer patients resistant to 5-FU and L-OHP, for
which alternative chemotherapy regimens may be appropriate.
This addresses the important question whether CTCs can guide
therapy choice and whether molecular analyses of these cells can
aid in patient selection for targeted agents.
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Table 1 The expression of CD44, CD133, ALDH1, survivin and MRP5 in a population with and without resistance to chemotherapy is shown. In
the same population response to therapy (PD = progressive disease; CR = clinical response) and PFS in months are indicated.

Pts CD44 CD133 ALDH1 Survivin MRP5 Response to therapy PFS
1 Neg Neg Neg Neg Neg CR 24
2 Neg Neg Neg Neg Neg CR 24
3 Neg Neg Neg Neg Neg CR 24
4 Neg Neg Neg Pos Pos CR 6
5 Neg Neg Neg Pos Pos PD 8
6 Neg Neg Neg Pos Pos CR 12
7 Neg Neg Neg Neg Neg CR 24
8 Neg Neg Neg Pos Pos PD 2
9 Neg Neg Neg Neg Neg CR 24
10 Neg Neg Neg Pos Pos PD

11 Neg Neg Pos Pos Pos PD 3
12 Neg Neg Neg Neg Neg CR 19
13 Neg Neg Pos Pos Pos PD

14 Neg Neg Pos Neg Pos PD

15 Neg Neg Pos Neg Neg CR 15
16 Neg Pos Pos Pos Pos PD

17 Neg Neg Neg Pos Pos PD 7
18 Neg Neg Pos Pos Pos PD 5
19 Neg Neg Neg Neg Neg CR 24
20 Pos Neg Pos Pos Pos PD 2
21 Neg Neg Pos Pos Pos CR

22 Neg Neg Neg Neg Neg CR 22
23 Neg Neg Neg Pos Pos PD 4
24 Pos Neg Neg Neg Neg CR 20
25 Neg Neg Neg Neg Pos PD 18
26 Neg Neg Neg Neg Neg CR 24
27 Pos Pos Pos Neg Neg CR 8
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