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Summary Telomerase has been shown to be a marker of epithelial cancer cells. We developed a method that allows the detection
of circulating carcinoma cells in the blood of cancer patients. Circulating epithelial cells are harvested from peripheral blood mononuclear cells
by immunomagnetic separation using BerEP4-coated beads. A telomeric repeat amplification protocol (TRAP)-ELISA is then used to
measure telomerase in harvested epithelial cells. This method is specific and sensitive as demonstrated by experiments using BerEP4-
positive and negative cell lines. Whereas we never found telomerase activity in harvested epithelial cells (HEC) samples from 30/30 healthy
donors, we have detected telomerase activity in HEC from 11/15 (73%) patients with stage llIB or IV non-small cell lung cancer (NSCLC)
patients and from 8/11 (72%) stage C or D (Dukes classification) colon cancer patients. This non-invasive method could be of great value as
a diagnostic or prognostic marker, or for monitoring cancer progression. © 2001 Cancer Research Campaign http://www.bjcancer.com
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Detection of circulating tumour cells and micrometastases imMhis method has been previously applied to stage IV breast cancer
cancer patients could be useful in determining prognosis and ipatients, showing that 21/25 of them were positive (Soria et al, 1999).
monitoring systemic therapies (Hardingham et al, 1995; Diel et aDetection of telomerase in circulating epithelial cells could thus
1996; Pantel et al, 1996). Various techniques have been describegpresent an important predictive tool to evaluate prognosis and to
using conventional cytology, immunochemistry, polymerase chaimonitor therapy in patients with cancer. Here, we demonstrate that
reaction (PCR) or reverse transcriptase-PCR (RT-PCR), but most tfis technique is sensitive and specific and could be applied to other
them have limited sensitivity and/or specificity. PCR and RT-PCRcarcinoma patients with metastatic lung and colon cancer.
have been shown to be of great interest for the detection of chromo-
somal alteration specific of some haematological malignancies or
non-epithelial tumours. Methods, which have been developed faMATERIALS AND METHODS
the detection of epithelium-derived cancer cells are primarily basefjsolation of circulating epithelial cell
on the amplification of tissue or lineage specific genes (Bostick g epiinehal celis
et al, 1998; Ghossein et al, 1998; Jung et al, 1999). Therefore, d&ood samples (10 ml) were collected in heparinized tubes from 15
in part to the occurrence of circulating normal epithelial cells, theyatients with stage I11IBn(= 2) or IV (h = 13) non-small cell lung
fail to be specific for the detection of circulating carcinoma cell. cancer (NSCLC), ages 38 to 71, 11 patients with colon cancer (stage
Telomerase, a specialized reverse trancriptase that adds telomeign = 2) or D 6 = 9), Dukes classification), ages 28 to 83, and 30
repeats at chromosome ends, is a potentially important biomarkage-matched healthy volunteers. Blood samples were stored at
and prognostic indicator of cancer (Albanell et al, 1997; Engelhardibom temperature for a maximum of 2 hours before experiments.
et al, 1997). Absent from most of normal somatic cells, with thePeripheral blood mononuclear cells (PBMC) were then separated by
exception of germ cells, stem cells and activated haematopoietic cefscoll density gradient (Figure 1A). Briefly blood samples were
(Hiyama et al, 1995), telomerase is expressed in most tumour cellluted in 3 volumes of RPMI, layered on 10 ml of Ficoll (Life
lines and in a majority of cancer. Reactivation of telomerase activitfechnologies, Cergy Pontoise, France) and then centrifuged at 220C
by cancer cells appears to be an important step in tumorigenesis. rpm for 25 min at 20°C. PBMC were then collected, washed 2 times
We aimed to assess the feasibility of the use of telomerase detén-RPMI, and then resuspended in 1 ml of PBS, 2% fetal calf serum
tion for the identification of circulating epithelial tumor cells in the (FCS). Then, 12.% 1 prewashed immunomagnetic beads cova-
blood of cancer patients. Because of the normal expression of teloently coated with the BerEP4 monoclonal antibody (DYNAL A.S.,
erase activity by activated lymphocytes (Broccoli et al, 1995; Hiyam#@slo, Norway) were added (Figure 1B). The BerEP4 monoclonal
et al, 1995) in the blood, we developed a method that combines amtibody recognizes an epitope on the protein moiety of two 34 and
immunomagnetic isolation step allowing the separation of epitheliaB9 kDa glycopeptides expressed at the surface of epithelial cells in
cells from blood cells prior to perform the measurement of telomerasgormal and malignant tissues (Latza et al, 1990). After 30 min at
activity by a telomeric repeat amplification protocol (TRAP)-ELISA. 4°C, cells bound to the beads were harvested using a magnetic fielc
(Figure 1C). Harvested epithelial cells (HEC) were then washed 3
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lower levels of BerEP4 than MCF7 do (data not shown).

A Experiments were repeated at least twice for each cell line.
Diluted blood
| Telomeric repeat amplification protocol (TRAP)
Ficol
Ficoll 4 / . Red blood cells Telomerase activity was measured twice in independent experi-

ments on Jug of proteins or on 20l of cell extracts when insuf-
ficient amounts of proteins were available. Furthermore, because
8 o< Magnetic field telomerase has an essential RNA component, aliquots of samples
were treated with RNase to assess the specificity of the reaction
(Kim et al, 1994). Assays were performed using TRAPeze ELISA
Telomerase detection kit (Oncor, Gaitherburg, MD) according to
manufacturer’s instructions. In brief, cell extracts were incubated
with biotinylated telomerase substrate oligonucleotide (b-TS) at
30°C for 30 min. The extended products were amplified by a
polymerase chain reaction (PCR) using Taq polymerase
(Pharmacia Biotech, Uppsala, Sweden), the b-TS, RP primers and
a deoxynucleotide mix containing dCTP labeled with dinitro-
phenyl (DNP). The PCR conditions were 33 cycles of 94°C for 30
Telomerase assay s and 55°C for 30 s on a PTC-200 thermocycler (M.J. Research,
Watertown, MA). The amplification products were immobilized

onto streptavidin-coated microtitre plates via biotin-streptavidin

Figure 1 Method of detection of telomerase activity in circulating epithelial
cells. Blood samples are first subjected to Ficoll density gradient. Circulating

interaction, and then detected by anti-DNP antibody conjugated

epithelial cells are then harvested from peripheral blood mononuclear cells to horseradish peroxidase (HPR). After the addition of the perox-
(PBMC) by immunomagnetic separation using BerEP4-coated beads. Finally, idase substrate (3 g S-tetramethylbenzidine or T™M B) the

telomerase activity is assayed on BerEP4 positive-circulating epithelial cells

amount of TRAP products was determined by the measurement of

the absorbance at 450 nm and 690 nm.

Figure 2 Circulating epithelial cells collected using BerEP4-coated
immunomagnetic beads from a stage IV NSCLC patient. Note the size of the
BerEP4-positive cells compared to the beads immunomagnetic beads (2.8 pm)

CD3 (Becton Dickinson) and CD45 (DAKO), have confirmed the _
lack of detectable contaminating lymphocytes among HEC fractior @
(data not shown). HEC were incubated for 30 min at 4°C inul00
of lysis buffer (CHAPS) containing 150 U thRNasin (Promega,
Madison, WI, USA). After a centrifugation at 16 0g6r 20 min at
4°C, supernatants were collected and stored8&tC until telo-
merase activity assay was performed. Protein concentrations we
determined using the Bio-Rad Protein Assay (Bio-Rad Laboratorie F
California).

To evaluate the sensitivity and the specificity of the assa)
decreasing number of telomerase-positive cancer cells were adc
to PBMC samples obtained from an healthy volunteer by seri
dilutions, and then submitted to immunomagnetic separation
described previously. We used two human BerEP4-expressit
carcinoma cell lines: KB3.1, MCF-7 (Latza et al, 1990) and on
human BerEP4-negative leukaemia cell line: Kit 225 (kindly
provided by A Vazquez, INSERM U131, Clamart, France). We

lomerase activity

e

2.5

1.51

0.5 1

Moreover, to confirm the ELISA results, amplified products
were systematically run on a 12.5% non-denaturing polyacry-
lamide gel electrophoresis (PAGE) in 0.5X TBE. Gels were
stained with SYBRgreen (dilution 1/10 000) and PCR amplifica-
tion products were visualized under UV light exposition.
Because samples could contdiaq polymerase inhibitors, an
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(Soria et al, 1999)

have previously confirmed that KB3.1 and MCF7 cells expresFigure 3 Telomerase detection by TRAP-ELISA assay in HEC from lung,

BerEP4 although mean number of immunomagnetic beads coajcolon and breast cancers (Soria et al, 1999). The cut-off of positivity was
’ o L fixed at 0.150, as recommended by the manufacturer and is represented by
on cells tended to indicate that KB3.1 cells express significanthye gotted line
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internal control band of 36 bp should be visible in all lanes orfractions (data not shown). This is consistent with previous data

PAGE. showing that activated lymphocytes express telomerase (Broccoli
et al, 1995; Hiyama et al, 1995).
RESULTS In order to develop a model system for the detection of rare

telomerase-positive epithelial cells in blood of cancer patients,
Telomerase activity was never detected in the HEC fractionsarious numbers of cultured BerEP4-expressing carcinoma cells
collected from 30 healthy donors (Figure 3), whereas telomerag&B3.1 and MCF-7) were seeded into PBMC isolated from
was present in most of the corresponding BerEP4-negativa healthy donor. After immunomagnetic separation, we found
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Figure 4  Sensitivity and specificity of telomerase detection in BerEP4-bearing cells harvested from PBMC. The figures (A) and (B) show the results of

typical experiments in which KB31 (A) and MCF7 (B) were serially diluted in PBMC obtained from healthy donors and then submitted to immunomagnetic
separation using BerEP4-coated beads, as described in the Materials and Methods section. ELISA results (up) of telomerase activity assays were confirmed

by a direct visualization of the TRAP ladder by PAGE and SYBRgreen staining (down). Bars indicate variations between two independent measurements of
telomerase activity. Lane 1: negative control (CHAPS); lane 2: HEC obtained from unseeded PBMC samples of the donor; lanes 3-8: 3000, 1000, 333, 111, 37,
and 12 KB3.1 (A) or MCF7 (B) cells, respectively, seeded per PBMC samples isolated from 10 ml of blood. (C) Same experiment using the BerEP4-negative
leukemia cell line KIT225. Lane 1: negative control (CHAPS); lane 2: KIT 225; lane 3: unseeded PBMC; lane 4: HEC obtained from unseeded PBMC; lane 5:
BerEP4-negative fraction after immunomagnetic separation perform on unseeded PBMC; lane 6: HEC obtained from PBMC samples seeded with 3000 KIT 225
cells; lane 7: BerEP4-negative fraction obtained from PBMC samples seeded with 3000 KIT 225 cells
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telomerase activity in BerEP4-positive cell fractions, even wherbe an important prognostic factor for NSCLC (Albanell et al,
only 12 carcinoma cells were added to PBMC samples isolateti997; Marchetti et al, 1999; Taga et al, 1999). Whereas we never
from 10 ml of whole blood (Figure 4A and 4B). found telomerase activity in HEC samples from 30/30 healthy
No telomerase activity was detected in the HEC fractions whedonors, telomerase was expressed in more than 72% of the patients
the same experiment was performed with the BerEP4-negatiweith advanced carcinoma involved in this study. Including our
leukaemia cell line Kit 225 that express high levels of telomerasprevious data concerning breast cancer patients (Soria et al, 1999),
activity (Figure 4C). Altogether, these results suggest that owwve therefore found telomerase activity in HEC from 40/51 (78%)
technique is sensitive and specific and allows the detection of rapatients with advanced cancer. Further studies, involving particu-
telomerase-positive BerEP4-bearing epithelial cells in blood ofarly patients at different stages of the disease are now required to
cancer patients. determine the precise clinical and biological significance of telo-
We thus applied this protocol to blood samples obtained fronmerase expression or its lack in HEC. However the fact that we
cancer patients. We detected telomerase activity in HEC frorfound telomerase activity in HEC from 2/2 patients with stage 111B
11/15 (73%) NSCLC patients and from 8/11 (72%) colon canceNSCLC and also 2/2 patients with stage C colon cancer highly
patients (Figure 3). Interestingly, the 2 patients with stage IlIBsuggest that our method could be used at earlier stages of cancer
NSCLC and also the 2 patients with stage C colon cancer wegogression.
telomerase-positive. RNase treatment of cell extracts prior to To conclude we have described here a simple and reliable
telomerase assay completely eliminated the signals demonstratingethod based on telomerase activity assays that allows a specific
the specificity of the enzymatic detection. Furthermore, telo-and sensitive detection of circulating carcinoma cells. Telomerase
merase positive samples showed the characteristic processidetection on HEC may be more specific compared to other
6-base pair ladder upon polyacrylamide gel electrophoresis (datfescribed techniques involving epithelial specific genes (Bostick

not shown). et al, 1998; Ghossein et al, 1998; Jung et al, 1999) because it
allows a direct detection of a marker of epithelial tumour cells.
DISCUSSION However, further studies should be performed to demonstrate the

_value of this non-invasive method in determining diagnostic, pro-
Here we have demonstrated that our method allows the specifggostic and response to therapy.

and sensitive detection of circulating telomerase-positive epithe-

lial cells in the blood of carcinoma patients. The normal expres-

sion of telomerase by activated lymphocytes does not allow ACKNOWLEDGEMENTS
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