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The aim of this study was to establish the sensitive, specific and clinically acceptable method for detection of tumor
cells (TCs) circulating in peripheral blood (PB) of cervical cancer patients without the clinically detectable risk of disease
progression.

The 7.5 ml of PB of healthy donor was spiked with 5 to 100 cells from SiHa or HeLa cell lines. The spiked tumor cells
were collected without gradient centrifugation, by standard gradient centrifugation or by modified gradient centrifugation
combined with immunomagnetic separation using EpCAM antibody with affinity for epithelial cell adhesion molecule. The
number of collected TCs was determined by EpCAM-FITC-staining and their viability was detected by nested RT-PCR
amplifying E6/E7 HR-HPV 16 or HR-HPV 18 oncogenes. For the technical validation of this approach the TCs separation
and RT-PCRs were repeated several times.

The recovery of viable TCs was reproducibly higher using modified gradient centrifugation combined with immunomag-
netic separation in comparison with standard approach. The recovery of TCs in low number of spiked TCs (range from 5 —20
TCs in 7.5 ml of PB) using modified gradient centrifugation was not reproducible. The recovery of TCs in higher number
of spiked TCs (25 TCs and more in 7.5 ml of PB) was reproducible with average recovery about 50 %.

The sensitivity of nested RT-PCR amplifying E6/E7 oncogenes was decisively influenced by the number of recovered
TCs and the amount of cDNA introduced to RT-PCR, as well.

Using this approach we were allowed to detect circulating TCs (CTCs) in cervical cancer patients without metastases,
thus this procedure might become a tool to early estimation of disease progression. According to our knowledge, this is the

first report describing the use of EpCAM antibody for CTCs detection in cervical cancer patients.
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One of the most frequent causes of death in cancer patients
is the metastases formation in distant places. Even at the
time of primary diagnosis and surgery the occult metastases
frequently occure. The clinically detectable metastases for-
mation during disease progression is preceded by circulation
of tumor cells (CTCs) in peripheral blood (PB). The detection
of CTCs is under the sensitivity limit of actually used stan-
dard laboratory methods. The introduction of more sensitive
and specific molecular approaches could reveal tumor cells
(TCs) dissemination at early stage of disease progression, so
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the CTCs examination may have therapeutic and prognostic
implications.

One of the first information about TCs detection in PB of
cancer patient after death was published in 1869 [1]. The CTCs
detection gained greater attention between 1955 and 1965,
when several thousand patients with different types of solid
tumors were tested for CTCs by cytological methods. The cy-
tological methods were shown to be false-positive, because of
confusion between megakaryocytes and tumor cells. Improved
cytological methods allowed cytology to detect true CTCs by
light microscopy in 1965 [2]. However, the sensitivity of light
microscopy was very low, so routine CTCs examination was
in 1965 abandoned.
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About 20 years later, the more sensitive immunohistochemi-
cal methods were developed to detect TCs in bone marrow
and PB in patients with different types of cancer [3, 4]. The
immunohistochemistry declared the detection sensitivity of 1
TC among 10,000-100,000 mononuclear cells, but inspite of
this, it could not contribute to routine cancer staging.

In late 1980s and mainly in 1987, when the new highly
sensitive and specific methods of DNA analysis and the poly-
merase-chain reaction (PCR) technique were developed, the
identification of CTCs and metastases widespread in leuke-
mias, lymphomas and later also in solid tumors [5].

The process of metastases formation consists of different
steps — metastatic cascade - and the metastases are develop-
ing after each step in metastatic cascade is succesfully
completed.

The metastatic cascade begins with stimulation/inhibition
of different gene casettes in tumor cells and in different tis-
sues, which allow the tumor cells: 1. leaving the primary tumor,
2. entering the lympho-vascular circulation (intravasation) and
survival in circulation, 3. fixing in a small capillaries, 4. pas-
sage through vessels into tissue in a new places (extravasation)
and, in the end, 5. dormancy folloved by proliferation/
apoptosis equilibrium of the tumor cells in a new organ. When
proliferation dominates apoptosis the metastasis formation
becomes clinically detectable [6].

The circulating tumor cells (CTCs) proceeding metastatic
cascade are clinically undetectable, however, they are deci-
sive in later phase of disease progression.

Human papillomaviruses with high oncogenic risk (HR-
HPV) were detected nearly in all cervical cancer cases
(99,7 %) [7]. In a meeting of the International Agency for
Research on Cancer (Lyon, France in 2005) the working group
concluded that there is sufficient evidence about causative
role of 13 genotypes of HPVs in cervical cancer initiation
[8]. The genomes of 13 HR-HPV genotypes can integrate into
the cellular genome, while the cellular expression machinery
contributes to the expression of viral E6 and E7 oncogenes
[9]. Kessis and others found out, that HR-HPV viral oncogene
E6 can bind to cellular tumor suppressor protein pS3 causing
its ubiquitination. By this way, viral E6 protein can partici-
pate in either cell cycle deregulation or transcription activation
of different genes regulated by p53, as well [10-12]. More-
over, E6 contains a cystein dublet (C-x-x-C) suggesting, that
protein contains zinc finger and is able to bind to DNA and/
or to interact with another proteins [13]. The role of E6
oncoprotein in cell immortalization and transformation seems
to be complex.

The HR-HPV E7 protein contains within its N-terminal
region conserved motif essential for binding to retinoblas-
toma tumor suppressor protein pRB and pRB-related proteins
[14]. Phosphorylated pRB was detected during cell moving
towards S phase, on the other hand, hypophosphorylated pRB
was associated with cell cycle arrest. In HR-HPV transformed
epithelial cells the binding of E7 to pRB avoid dephosphory-
lation of pRB and cell continue the cycle. Moreover, the E7

oncoprotein N-terminal region contains two serins, which are
substrate for phosphorylation. Mutations in this region reduce
the transforming ability of E7 [15]. It seems, that binding of
E7 to pRB is not the only event sufficient for cell transforma-
tion and that the E7 function is similarly to E6 oncoprotein,
more complex.

Up till now, there is a number of articles dealing with the
detection of epithelial TCs circulating in PB in patients with
breast, ovarian, prostate, lung or colorectal cancer and mela-
noma [16-21]. However, only a small number of reports is
focused on detection of TCs circulating in cervical cancer
patients although 10-15 % of patients with early stage of cer-
vical cancer with histologically negative lymph nodes and
clear resection margins after ablative approach will develop
recurrence and are at high risk of cancer death [22-24]. Due
to the most frequent detection of HR-HPV 16 and HR-HPV
18 infection in cervical cancer and precancerous lesions (to-
gether more than 70% of cases) the E6/E7 oncogene
expression was chosen as unique biological marker for detec-
tion of viabile TCs circulating in PB in cervical cancer patients.

Patients and methods

At first, we compared the sensitivity and specificity of dif-
ferent approaches of recovering CTCs in PB in experimental
conditions. The 7.5 ml samples of PB of healthy volunteer
were collected to EDTA containing tubes. The PB samples
were diluted 1:1 with PBS and spiked with different number
of cells from SiHa or HeLa cell lines.

The 7.5 ml samples of PB of 10 cervical cancer patients
after Wertheim-Meigs hysterectomy were collected to
EDTA tubes and the number of CTCs was determined. The
E6/E7 HR-HPV oncogenes expression detection was pre-
ceded by positive HR-HPV DNA detection in PB for at
least 1 year.

Spiking of PB samples. Briefly, the SiHa or HeLa cells
were cultured in Petri dishes containing RPMI 1640 supple-
mented with 10% fetal calf serum at 5% CO, environment
and were harvested using trypsin. The viability of SiHa and
HeLa cells was determined by trypan blue. After harvesting
the cell suspension was diluted by RPMI 1640 to approxi-
mately 5 viabile cells in 20 pl volume. The number of cells in
20 wl volume of cell suspension was determined by micro-
scopic quantification with cell chamber. The cell quantification
in 20 pl aliquots was repeated several times by at least two
workers. After repeated counting the average cell number in
20 pl aliquot of cell suspension was determined. Different
volumes of cell suspension containing different cell number
were spiked to PB samples. Samples of PB analysed in one
day (one procedure), were spiked with 5, 10, 20, 25, 40 or 100
SiHa or HeLa cells respectively. Each spiked PB sample was
analysed in parallel. To each procedure one PB sample with-
out spiked TCs was added as negative controle. Totally, 17
repeats of procedure were performed during 12 months. The
procedures were performed by two different operators.
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Enucleated cell depletion. The enucleated red elements
were depleted from PB samples spiked with CTs using three
approaches: 1. centrifugation without gradient, 2. centrifuga-
tion through standard Ficoll gradient (Ficoll-Paque Plus,
AmershamBiosciences) and 3. centrifugation through Ficoll
gradient modiefied in our laboratory.

The first approach to nucleated cells separation was based
on incubation of whole PB samples for 10 min. in RT in lysis
buffer (145 mmol/l NH,CI and 100 mmol/l NaHCO,) leading
to depletion of the red elements prior to centrifugation in
3000 g without Ficoll gradient. The pellet of nucleated cells
was resuspended in 200 ul of cell lysis buffer (RNAqueous,
Ambion).

The second approach was based on enucleated cells deple-
tion by gradient centrifugation through Ficoll. Besides
standard gradient centrifugation we used a modified Ficoll
gradient centrifugation, as well to increase the number of re-
covered TCs. The modified Ficoll gradient centrifugation was
based on different centrifugation conditions (time and g). The
centrifugation at 500 g for 15 min. at RT we found as the best
effective modification of gradient centrifugation. Briefly, af-
ter modified gradient centrifugation the entire liquid volume
without red element pellet (opalescent Ficoll, diffuse cell ring
and serum) was harvested, several times washed with PBS
according the manufacturer’s instruction, centrifuged at
1 800 g for 10 min. at RT and final pellet of nucleated cells
was resuspended into 200 ul volume of Hank’s salt solution
(Hank’s BSS, Cambrex Research Products). The most of white
blood cells and contaminating enucleated red elements were
then depleted by following immunomagnetic separation of
spiked TCs (SiHa or HeLa). To enriche the cell suspension
with the TCs the EpCAM antibody with affinity for epithelial
cell adhesion molecule was used according the manufacturer”s
instruction (Human EpCAM Positive Selection Kit, StemCell
Technologies). After immunomagnetic TCs enrichment the
recovered cells were resuspended in 200 ul of cell lysis buffer
and stored at -24°C untill total RNA extraction (RNAqueous,
Ambion).

The effectivity of three different approaches was deter-
mined by comparison of a number of recovered TCs and E6/
E7 HR-HPV 16 or HR-HPV 18 oncogene expression.

The total RNA extraction, cDNA synthesis and nested
RT-PCR conditions. The 200 pl lysates from cell suspen-
sions after centrifugation without gradient and through
Ficoll gradient (standard and modified) followed by
immunomagnetic enrichement were used for total RNA
extraction. To avoid possible DNA contamination we used
the RNA separation approach combined with DNasel in-
cubation according manufacturer’s instruction (TURBO
DNA-free, Ambion).

The first strand of cDNA was reversely transcribed from
total volume of extracted RNA (from 7.5 ml of spiked PB) by
using the Ready-To-Go You-Prime First-strand kit according
manufacturer’s instruction (GE Healthcare). The total volume
of cDNA was 30 ul.

The E6/E7 HR-HPV 16 and 18 oncogene expression was
determined by nested RT-PCR using 4 or 10 ul of cDNA in
total 25 ul volume of PCR.

The cDNA integrity and biological activity was determined
by 18S rRNA RT-PCR using 2ul of cDNA in total 25 ul vol-
ume of PCR. The primer sequences for 18S rRNA RT-PCR
were published earlier [25].

RT-PCR reaction mixtures for E6/E7 HR-HPV 16 and HR-
HPV 18 using 4ul of cDNA contained: 1x reaction buffer
recommended for DyNAzyme EXT, 200 umol/l MgCl,, 25
wmol/l each dNTP (Finnzymes) and 20 pmol of sense and
antisense primers for target gene respectively and 1U
DyNAzyme EXT (Finnzymes).

RT-PCR reaction mixtures for E6/E7 HR-HPV 16 and HR-
HPV 18 using 10 ul of cDNA contained only 1x reaction buffer
recommended for DyNAzyme EXT without MgCl,, 20 pmol
of sense and antisense primers for target gene respectively
and 1U DyNAzyme EXT in total 25 ul volume.

The primer sequences for E6/E7 HR-HPV 16 and 18 and
for another HR-HPV genotypes detected in patient PB
samples, profile of cycles for the first and second step of nested
RT-PCRs and size of PCR products including E6/E7 HPV
splice variants are summarized in Table 1. The set of primers
detecting E6/E7 HR-HPV 39, 51 and 66 are ommited, be-
cause up till now we have not detected CTCs infected with
these strains in PB of any of examined patients.

The uniqueness of E6/E7 HR-HPV primer sequences was
designed according HR-HPV complete genome maps (http://
www.ncbi.nlm.nih.gov/blast/Blast.cgi). The primer selection
programme (http://www.basic.northwestern.edu/biotools/
oligocalc.html) was used to avoid hairpin structure and self-
annealing events. The PCR products were analysed in 2%
agarose gel with ethidium-bromide staining with molecular
weight standard using photo-documentation system ULTRA-
LUM with analytical softwares SCION and Gel-Pro Analyzer,
version 3.0 (Media Cybernetics). The specificity of E6/E7
PCR products were confirmed by sequence analysis (AbiPrism
3130, Applied Biosystems — data not shown).

Microscopic detection of TCs . The TCs in totally ten PB
samples spiked with 50 SiHa or HeLa cells with modified gradi-
ent centrifugation were conjugated with anti-EpCAM FITC
antibody (StemCell Technologies) according the manufacturer’s
instruction. The rates of recovered FITC-conjugated TCs were
microscopically determined by differential interference contrast
(DIC) and immunofluorescence detection using Olympus IMT-
4 microscope (Olympus, Hamburg, Germany). Images were taken
with colour camera ColorView III (Soft Imaging System,
Miinster, Germany) using image analysis software AnalySIS"D
(Olympus Biosystems, Hamburg, Germany). Briefly, the
immunomagnetically enriched cell suspensions were incubated
for 15 min. at RT with anti-EpCAM FITC antibody and the en-
tire volume of cell suspensions was transferred into the cell culture
chambers Flexiperm (Heraeus Biotechnologie, Hanau, Germany).
Two PB samples without spiked TCs were used as a negative
control.
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Table 1. List of primers and PCR conditions

Names of primer paires Sequence 5' > 3' PCR profiles (°C / sec) Size of PCR products (bp)
18S rRNA — 94 /20

house-keeper 58745 141
18S-F GTA ACC CGT TGA ACC CCA TT 72145

18S-R CCA TCC AAT TCG GTA GTA GCG 45 cycles

1. step 94/20

HR-HPV 16 62/45

16E6-Al ATG TTT CAG GAC CCA CAG GAG C 72/45 ¥366/384 /267
1635E7-Al CWT CCT CCT CCT CTG AGC TG 45 cycles

2. step 94720

HR-HPV 16 58 /45

16E6-A2 AGT TAC CAC AGT TAT GCA CAG AG 72145 *308/326/209
1635E7-A2 AAT TGC TCA TAA CAG TAK AGR TCA G 45 cycles

1. step 94 /20

HR-HPV 18 60/45 448 1 266
18E6-C1 CAC TTC ACT GCA AGA CAT AGA AAT AAC 72145

18E7-C1 TTG TGT TTC TCT GCG TCG TTG G 45 cycles

2. step 94 /20

HR-HPV 18 60/45 341/ 159
18E6-C2 TAT TGC AAG ACA GTA TTG GAA CTT AC 72145

18E7-C2 CTG TCG TGC TCG GTT GCA G 45 cycles

1.step 94/20

HR-HPV 33+58 62/45

3358E6-Al AAA CCA CGR ACA TTG CAT GAT TTG TG 72/45 375
3358E7-Al CTT GTC CAT CTG GCS GGT C 45 cycles

2.step 94/20

HR-HPV 33+58 62/45

3358E6-A2 CTT TGC ARC GAT CTG AGG TAT ATG 72/45 410
3358E7-A2 GGT CAG TTG GTT CAG GAT RTA AAT C 45 cycles

1.step 94/20

HR-HPV 31 60 /45 606
31E6-Al ATG TTC AAA AAT CCT GCA GAA AGA C 72145

31E7-Al TAA TTG GAT GTG TCC GGT TCT G 45 cycles

2.step 94/20

HR-HPV 31 62/45 475 /273
31E6-A2 TCG GCA TTG GAA ATA CCC TAC G 72/45

31E7-A2 ACA GTG GAG GTC AGT TGC CTC 45 cycles

1.step 94/20

HR-HPV 52 60/ 45 718
52E6-Al GTT TGA GGA TCC AGC AAC ACG 72145

52E7-Al TTG TAA TGT GCC CAA CAG CAG 45 cycles

2.step 94/20

HR-HPV 52 61/45 5741297
52E6-A2 ACC CTG CAC GAA TTG TGT GAG 72/45

52E7-A2 TTG TGG CTT GTT CTG CTT GTC C 45 cycles

1.step 94/20

HR-HPV 56 61/45 580
56E6-D1 AGC CAC AAT TCA ACA ATC CAC AG 72/45

56E7-D1 CAT CCT CAT CCT CAT CCT CTG 45 cycles

2.step 94/20

HR-HPV 56 63/45 518
56E6-D2 AAC GTC CAC GAA GCC TGC AC 72/45

56E7-D2 TTG CAC TGT AGG TCA ATT TCT GTT TG 45 cycles

1.step 94/20

HR-HPV 59 63/45 636
59E6-C1 CTT TGA GGA TCC TAC ACA ACG AC 72/45

59E7-C1 GCT AGT AGC AAA GGA TGA TTA ACT C 45 cycles

2.step 94/20

HR-HPV 59 61/45 62
59E6-C2 TGC CTG ATT TGA GCA CAA CAT TG 72/45

59E7-C2 TTC ATT CTC GGA GTC GGA GTC 45 cycles

* Splice variants, W,K,R,S — degenerated primers
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Fig. 1. The gallery of recovered TCs shapes. The TCs were microscopically detected by two methods. First and third rows — immunofluorescence
detection with anti-EpCAM FITC antibody, second and fourth rows — differential interference contrast (DIC) visualization using Olympus IMT-4

microscope (Olympus, Hamburg, Germany).

Results

The 7.5 ml PB samples were spiked with varying number
of SiHa or HeLa cells from the cell lines derived from cervi-
cal carcinomas (ATCC). The TCs were separated without
gradient, by standard or modified Ficoll gradient combined
with immunomagnetic separation. The presence of TCs was
confirmed by the E6/E7 HR-HPV 16 or HR-HPV 18 expres-
sion detection using nested RT-PCR with 4 or 10ul of cDNA.

The E6/E7 expression detection in spiked PB samples. In
the case of PB samples spiked with less than 100 TCs sepa-
rated without gradient centrifugation we did not detect any
E6/E7 expression if 4ul of cDNA was used in the first step of
nested RT-PCR. The use of 10ul of cDNA in the first step of
nested RT-PCR led to improved sensitivity of PCR, however,
the positive E6/E7 expression detection was not reproducible
and varied from procedure to procedure.

In the case of PB samples spiked on the average with 40
TCs and separated through standard Ficoll gradient followed
by immunomagnetic enrichment we detected the E6/E7 ex-
pression if 10 pl volume of cDNA was used in the first step of
RT-PCR. In spite of increased sensitivity of TCs separation
compared with procedure described abow, the positive E6/E7
expression detection was not reproducible if 4 ul of cDNA
was used in the first step of nested RT-PCR. If 10 ul volume
of cDNA was used in the first step of RT-PCR, the E6/E7
expression detection was reproducible.

In the case of PB samples spiked with 5 to 20 TCs sepa-
rated with modified Ficoll gradient followed with
immunomagnetic enrichment we detected E6/E7 expres-
sion if 10 ul of cDNA was used in the first step of nested
RT-PCR. However, reproducibility was achieved if on the
average 25 TCs were spiked to 7.5 PB samples and 10 ul of
cDNA was used in the first step of nested RT-PCR.

Microscopic detection of recovered TCs. The rates of re-
covered TCs after modified Ficoll gradient separation and
immunomagnetic enrichment were determined and the dif-
ferent shapes of detected TCs images were summarized in
Fig. 1. In two PB samples without spiked TCs (negative con-
trol) we did not detect any FITC-stained cells.

Sensitivity, specificity and reproducibility. According to
our results, the combination of modified Ficoll gradient sepa-
ration followed by immunomagnetic enrichement of TCs using
anti-EpCAM antibody and nested RT-PCR using at least 1/3
of total cDNA volume reversely transcribed from total RNA
volume separated from 7.5 ml of spiked PB is the most sensi-
tive, specific and reproducible ,,home-made* approach.

The inter-assay variability using negative controls (two
operators and several assays in paralelle during 1 year) led to
the recovery rate of TCs spiked to 7.5 ml of PB on the average
50%. The sensitivity of compared approaches of CTs separa-
tion is summarized in Table 2.

The specificity of primers for E6/E7 HR-HPV 16 or HR-
HPV 18 were tested in the nested RT-PCR amplifications
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Table 2. The sensitivity of compared approaches

Number of spiked SiHa or HeLa cells

5 10 20 25 40 100
cell separation without gradient - - - - - posit
cell separation with standard gradient - - - - posit posit
cell separation with modified gradient + + + posit posit posit
+ not reproducible results
Table 3. Patient characteristics
Patient Age at FIGO stage Lymph node status Lymph node status SCCA"” CA 125" Genotype in cervical ~ Genotype in CTCs E6/E7
therapy hystologically DNA analysis cell suspension from peripheral blood ~expression"
A 50 pT1bl pNO pMO negat negat 12 10 HR-HPV 58 + 33 HR-HPV 58 + 33 no
B 47 pTla2 pNO pMO negat negat 0.3 21.1 HR-HPV 58 HR-HPV 58 no
C 52 pT1bl pN1 pMO MTS in 2 LN negat 0.7 4.6 HR-HPV 58 HR-HPV 58 no
D 50 pT1bl pNO pMO negat negat 23 8.8 HR-HPV 16 HR-HPV 16 no
E 41 pT1bl pNO pMO negat negat 0.1 16 HR-HPV 16 + 33 HR-HPV 16 + 33 no
F 68 pT2 pN1 pMO MTSin I LN  HR-HPV58inl1LN 0.8 52 HR-HPV 58 HR-HPV 58 no
G 37 pT1b pNO pMO negat nt 0.8 10.2 HR-HPV 16 + 58 HR-HPV 16 + 31 HR-HPV 16
H 42 pT1 NO Mx negat nt 39 105.8 nt HR-HPV 16 HR-HPV 16
I 39 T1bl NO MO negat HR-HPV 16 + 18 1.1 18.2 nt HR-HPV 16 + 58 no
J 48 pT1bl pN1 pMO MTSin I LN HR-HPV 18 0.2 111 nt HR-HPV 18 no
K 64 pT1b pNO pMO negat HR-HPV 58in I LN 0.5 177 nt HR-HPV 58 no
L 43 pT1b pNO pMO negat nt 24 114 HR-HPV 16 HR-HPV 35 no
M2 61 IIIA - - 12 10.9 nt HR-HPV 35 HR-HPV 35

Dat the time of CTCs detection

2 inoperable cervical carcinoma (CTC detected 3 years after RAT and hysterectomy)

nt not tested

using 10 ul volume of cDNA transcribed from RNA ex-
tracted from uninfected cells or cells infected with another
types of HR-HPV (data not shown). In no case we detected
positive E6/E7 HR-HPV 16 or HR-HPV 18 expression, re-
spectively.

The modified Ficoll gradient approach was found as the
most sensitive among three tested separation techniques and
was used for detection of CTCs in 7.5 ml PB samples from 13
patients with cervical cancer after radical hysterectomy (HYS)
or radiotherapy/hysterectomy (RAT/HYS). The data on pa-
tient characteristics (age, FIGO staging, histological lymph
node status, lymph node status after DNA analysis, serum
markers SCCA and CA 125 level, HR-HPV type presence and
E6/E7 HR-HPV oncogene expression) are listed in Table 3.
The CTCs containing HR-HPV DNA was detected in all 13
cervical cancer patients 3 to 5 years after HYS or RAT/HYS.
The E6/E7 oncogene HR-HPV 16 positive expression was
detected in 2 patients and E6/E7 oncogene HR-HPV 35 posi-
tive expression was detected in 1 patient.

Discussion

The metastases formation is the most critical event that
influences the prognosis of the disease and the survival of
cancer patients. Cancer cells can spread from the primary tu-
mor through peritoneum and lympho-vascular circulation, so

the detection of disseminated CTCs in PB can represent the
higher risk of cancer disease progression [6].

The large number of articles is dealing with detection, char-
acterization and clinical significance of CTCs in PB of cancer
patients [16-24]. The efficiency of the CTCs recovery varies
from one approache to another and taking together, the sensi-
tivity and specificity of different “home-made” and
semiautomated approaches in CTCs detection is influenced
by: 1. the determination of number of exactly viable TCs spiked
to PB during validation in experimental conditions (the source
of possible false-negativity during biological characterization
of recovered TCs), 2. the different methods of CTCs separa-
tion preserving the cell viability (the conditions of gradient
cell separation directly influence the number of recovered
CTCs), 3. poor differentiation between nucleated non-malig-
nant and malignant cells, and the most important is 4. the
confirmation of viability of recovered TCs by their further
genetic characterization (distinguishing between viable and
died TCs using non-hematological cell specific genetic mark-
ers or tumor cell specific genetic markers and poor
inter-laboratory comparison because of the use of different
PCR primer sets).

The American Society of Clinical Oncology published
the update of recommendations for the use of tumor mark-
ers in breast cancer, however, the CTCs detection found
insufficient to support routine use in clinical practice [26].
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This decision could be acceptable in the case of tumors char-
acteristic by high clonal capacity like breast cancer is. The
genetic analysis of recovered CTCs from PB of breast can-
cer patients could not reflect the biological activity of
primary tumor, so interpretation of CTCs analysis results
could be at least controversial. For example, Wiilfing P et
al, 2006 [27] detected HER2-positive CTCs in PB of 12 pa-
tients with breast cancer while the primary tumor showed
a neagtive score for HER2 (£ 10% HER2-positive cells).
They explained this discrepancy as a result of at least two
factors: 1. the selection of tumors with favourable prognosis
(predominantly small tumors well or moderately differenti-
ated with nodal negativity) and 2. the different sensitivity
of methods (HER2 overexpression in CTCs versus immu-
nohistochemical detection of HER2 level in breast cancer
tissue). On the other hand, the probable explanation of this
discrepancy could be selection of a small number of HER2-
positive cells during tumor progression and cell
dissemination. Moreover, it has been reported, that signifi-
cant portion of HER2-negative tumor cells during disease
progression develops high concentration of serum HER2,
so the HER2 amplification could be considered as the result
of cancer progression [28].

The Breast Cancer Intergroup of North America currently
plans to study the role of CTCs in a prospective randomized
trial (S0500). The primary end point of this trial will be evalu-
ation of overall survival [29].

Although the modern methods of molecular genetics are
able to introduce more data from small number of cancer cells
and can influence the progress in CTCs era, the genetic char-
acterization of CTCs in PB remains serious problem due to
difficult determination of abnormal expression of cancer as-
sociated genes in small number of TCs in excess of non-tumor
cells [5]. The most powerfull technique is RT-PCR amplifi-
cation using reversely transcribed cDNA from RNA/mRNA
and its modifications. However, inspite of the number of PCR
modifications, the PCR technique has some limitations. The
first is the false-positive results due to illegitimate gene ex-
pression (expression of any gene in any cell type). Although,
this inappropriate gene expression is in non-malignant cells
low, it could lead to false-positivity because of high sensitiv-
ity of RT-PCR [30]. The second, PCR amplification can lead
to false-negative results due to a very small number of real
viable CTCs in PB sample and, in the end, the third limitation
is the presence of RT-PCR inhibitors in some patient tissues.
The two last limitations could be resolved by immunomagnetic
enrichment techniques during CTCs separation [16-21].

Up till now, with the exception of several “home-made” sepa-
ration techniques the semi-automated systems (OnkoQuick and
CellPrep system) have been described [31-33]. The CellPrep
system has been found as more sensitive than the OnkoQuick
[34]. According to our results, the sensitivity of described
“home-made” TCs separation approach based on modified
Ficoll gradient centrifugation combined with immunomagnetic
enrichment and HR-HPV E6/E7 oncogene expression detec-

tion could be sensitive enough to detect disease progression
several months before its clinical symptoms. Although the de-
clared average recovery of TCs using the CellPrep system is
>85%, and the recovery of TCs of the approach described in
this article is >50%, the uniqueness of chosen genetic marker
(the HR-HPV E6/E7 oncogene expression) and high sensitiv-
ity of modified RT-PCR amplification allows us to detect about
25 recovered viabile TCs. According to some authors the CTCs
number in metastatic carcinoma patients ranged from 0 to 23,618
CTCs per 7.5 ml of PB (mean, 60 — 693 CTCs per 7.5 ml) [17].
Moreover, the healthy or non-malignant disease subjects could
have about 2 circulating epithelial cells in 7.5 ml of PB, so in
the light of these results, the enumeration of recovered TCs
with low detection limit (about 2-5 CTCs in 7.5 ml of PB) looks
less important than the further genetic characterization of CTCs.
Encouraging are the attempts to establish global gene expres-
sion analysis of CTCs [16].

The E6/E7 HR-HPV oncogene expression of 13 accepted
HR-HPV genotypes provides the most specific genetic marker
distinguishing the non-tumor epithelial cells from cervical can-
cer tumor cells with integrated HR-HPV DNA circulating in
PB [8]. Tseng et al. (1999) [22] detected the presence of HR-
HPV 16 and HR-HPV 18 E6 oncogene expression in PB in
patients with bulky tumor volume ( 24 cm) and pelvic lymph
node metastasis. Patients with positive E6 oncogene expres-
sion were after a median follow-up of 22 months at
a significantly higher risk of recurrence than those who were
E6 oncogene expression negative. In our study we have found
the E6/E7 oncogene HR-HPV 16 in 2 patients and E6/E7
oncogene HR-HPV 35 in 1 patient of 13 cervical cancer pa-
tients after radical hysterectomy (HYS) or radiotherapy/
hysterectomy (RAT/HYS) without clinically determined pro-
gression at the time of PB sampling. About 2 years after HYS
or RAT/HYS all three patients became HR-HPV DNA posi-
tive in PB, although the level of currently examined tumor
markers SCCA and CA125 were in physiological limit. From
three to four years after HYS or RAT/HYS all three patients
with continuous HR-HPV DNA positivity became also HR-
HPV E6/E7 oncogene expression positive. The level of SCCA
and CA125 started to progressively elevate about 6 months
later only in 1 case E6/E7 HR-HPV expression positivity. The
progressive elevation of tumor markers level can indicate the
higher risk of clinically determined cervical cancer progres-
sion. Those patients, whose serum marker level is higher than
physiological limit and E6/E7 HR-HPV expression is nega-
tive, will be examined in standard clinically determined
interval.

Using the described approach to the CTCs detection in PB
we could determine the HR-HPV E6/E7 oncogene expres-
sion, which preceded the progressive elevation of currently
examined tumor markers and the clinical determination of
cancer progression, as well.

According to our results we can conclude, that the HR-
HPV E6/E7 oncogene expression in CTCs in PB can offer
unique genetic marker useful for early detection of the occult
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phase of metastatic cascade and could allow the consideration
of higher risk of disease progression and possible individual
therapy of cervical cancer patients.

This work was supported by VEGA grant No.: 1/0530/03 and grant
of Ministry of Health SR. No. 2006/21-OUSA-01. The authors would
like to thank to Kvetoslava Tardbkova for the cell line cultivation
and cell viability determination, Beatrix JanoSova for collaboration
during immunomagnetic separation approach establishing and Iveta
Gloznekova and Helena Griiov4 for all needed technical support.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

Ashworth TR. A case of cancer in whichcells similar to those
in the tumours were seen in blood after death. Aust Med J
1869; 14: 146.

Christopherson W. Cancer cells in the peripheral blood: a
second look. Acta Cytol 1965; 9: 169—174.

Redding WH, Coombes RC, Monaghan P. Detection of
micrometastases in patients with primary breast cancer. Lancet
1983; 2: 1271-1274.

Stahel RA, Mabry M, Skarkin AT et al. Detection of bone
marrow matastasis in small-cell lung cancer by monoclonal
antibody. J Clin Oncol 1985; 3: 455-461.

Zieglschmid V, Hollmann C, Bocher O. Detection of dissemina-
ted tumor cells in peripheral blood. Critic Rew Clin Lab Sciences
2005; 42: 155-196. doi:10.1080/10408360590913696
Chambers AF, Groom AC, MacDonald IC. Dissemination
and growth of cancer cells in metastatic sites. Nature Review
2002; 2: 563-572.

Walboomers JA, Jacobs MV, Manos MM et al. Hu-
man papillomavirus is a necessary cause invasive
cervical cancer worlkdwide. J. Pathol. 1999; 189:12-19.
doi:10.1002/(SICI)1096-9896(199909)189:1<12:: AID-PA-
TH431>3.0.CO:2-F

Cogliano V, Baan R, Straif K et al., WHO International
Agency for Research on Cancer. Carcinogenicity of human
papillomviruses. Lancet Oncol 2005; 6; 204. doi:10.1016/
S1470-2045(05)70086-3

Werness BA, Levine AJ and Hovley PM. Association of
human papillomavirus type 16 and 18 E6 proteins with p53.
Science 1990; 248: 76-79. doi:10.1126/science.2157286
Kessis TD, Slebos RJ, Nelson WG et al. Human papilloma-
virus 16 E6 expression disrupts the p-53 mediated cellular
response to DNA damage. Proc Natl Acad Sci USA 1993;
90: 3988-3992. doi:10.1073/pnas.90.9.3988

Cox LS, Lane DP. Tumour suppressors, kinases and clumps:
how p53 regulates the cell cycle in response to DNA damage.
Bioessays 1995; 17: 501-518. doi:10.1002/bies.950170606
Liu Y, Chen JJ, Gao Q et al. Multiple functions of human
papillomavirus type 16 E6 contribute to the immortalisation
of mammary epithelial cells. J Virol 1999; 73: 7297-7307.
Ristriani T, Masson M, Nominé Y et al. HPV oncoprotein
EG6 is a structure-dependent DNA binding protein that reco-
gnizes four-way junctions. J] Mol Biol 2000; 296: 1189-1203.
doi:10.1006/jmbi.2000.3527

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

(22]

(23]

[24]

[25]

[26]

[27]

Grana X, Garriga J, Mayol X. Role of the retinoblastoma
protein family, pRB, p107 and p130 in the negative controlof
cell growth. Oncogene 1998; 17: 3365-3383. doi:10.1038/
sj.onc.1202575

Smith-McCune K, Kalman D, Robbins C et al. Intranuclear
localization of human papillomavirus 16 E7 during trans-
formation and preferential binding of E7 to the Rb family
member p130. Proc Natl Acad Sci USA 1999: 96: 6999-7004.
doi:10.1073/pnas.96.12.6999

Smirnov DA, Zwitzig DR, Foulk BW et al. Global gene ex-
pression profiling of circulating tumor cells. Cancer Res 2005;
65: 4993-4997. doi:10.1158/0008-5472.CAN-04-4330
Allard WJ, Matera J, Miller MC et all. Tumor cells circulate
in the peripheral blood of all major carcinomas but not in
healthy subjects or patients with nonmalignant diseases.
Clin Canc Res 2004; 10: 6897-6904. doi:10.1158/1078-0432.
CCR-04-0378

Wiilfing P, Borchard J, Buerger H et al. HER2-positive cir-
culating tumor cells indicate poor clinical outcome in stage
I to III breast cancer patients. Clin Cancer Res 2006; 12:
1715-1720. doi:10.1158/1078-0432.CCR-05-2087

Smerage JB, Hayes DF. The measurement and therapeutic
implications of circulating tumour cells in breast cancer. BIC
2006; 94: 8-12.

Wang J-Y, Wu Ch-H, Lu Ch-Y et al. Molecular detection of
circulating tumor cells in the peripheral blood in the patients
with colorectal cancer using RT-PCR: significance of the
prediction of postoperative metastasis. World J Surg 2006;
30: 1007-1013. doi:10.1007/s00268-005-0485-z

Lang JE, Hall CS, Singh B et al. Significance of micrometasta-
sis in bone marrow and blood of operable breast cancer patients:
research tool or clinical application? Expert Rev Anticancer
Ther 2007; 7: 1463—1472. doi:10.1586/14737140.7.10.1463
Tseng Ch-J, Pao Ch-C, Lin J-D et al. Detection of human
papillomavirus types 16 and 18 mRNA in peripheral blood
of advanced cervical cancer patients and its association with
prognosis. J Clin Oncol 1999; 17: 1391-1396.

Larson DM, Copeland LJ, Stringer CA et al. Recurrent ce-
rvical carcinoma after radical hysterectomy. Gynecol Oncol
1988; 30: 381-387. doi:10.1016/0090-8258(88)90252-1
Yuan C, Wang P, Lai C et al. Recurrence and survival ana-
lysis of 1, 115 cervical cancer patients treated with radical
hysterectomy. Gynecol Obstet Invest 1999; 47: 127-132.
doi:10.1159/000010076

Schittgen TD, Zakrajsek BA. Effect of experimental treatment
on housekeeping gene expression: validation by real-time,
quantitative RT-PCR. J Biochem Biophys Met 2000; 46:
69-81. doi:10.1016/S0165-022X(00)00129-9

Harris L, Fritsche H, Mennel R et al. American Society of
Clinical Oncology 2007 update of recommendation for the
use of tumor markers in breast cancer. J Clin Oncol 2007; 25:
5287-5312. doi:10.1200/JC0O.2007.14.2364

Wiilfing P, Borchard J, Buerger H et al. Her2-positive circula-
ting tumor cells indicate poor clinical outcome in stage I to I11
breast cancer patients. Clin Cancer Res 2006; 12: 1715-1720.
doi:10.1158/1078-0432.CCR-05-2087



http://dx.doi.org/10.1080/10408360590913696
http://dx.doi.org/10.1002/(SICI)1096-9896(199909)189:1%3c12::AID-PATH431%3e3.0.CO;2-F
http://dx.doi.org/10.1002/(SICI)1096-9896(199909)189:1%3c12::AID-PATH431%3e3.0.CO;2-F
http://dx.doi.org/10.1016/S1470-2045(05)70086-3
http://dx.doi.org/10.1016/S1470-2045(05)70086-3
http://dx.doi.org/10.1126/science.2157286
http://dx.doi.org/10.1073/pnas.90.9.3988
http://dx.doi.org/10.1002/bies.950170606
http://dx.doi.org/10.1006/jmbi.2000.3527
http://dx.doi.org/10.1038/sj.onc.1202575
http://dx.doi.org/10.1038/sj.onc.1202575
http://dx.doi.org/10.1073/pnas.96.12.6999
http://dx.doi.org/10.1158/0008-5472.CAN-04-4330
http://dx.doi.org/10.1158/1078-0432.CCR-04-0378
http://dx.doi.org/10.1158/1078-0432.CCR-04-0378
http://dx.doi.org/10.1158/1078-0432.CCR-05-2087
http://dx.doi.org/10.1007/s00268-005-0485-z
http://dx.doi.org/10.1586/14737140.7.10.1463
http://dx.doi.org/10.1016/0090-8258(88)90252-1
http://dx.doi.org/10.1159/000010076
http://dx.doi.org/10.1016/S0165-022X(00)00129-9
http://dx.doi.org/10.1200/JCO.2007.14.2364
http://dx.doi.org/10.1158/1078-0432.CCR-05-2087

238

P. WEISMANN, E. WEISMANOVA, L. MASAK et al.

(28]

[29]

(30]

(31]

Meng S, Tripathy D, Shete S et al. HER2 gene amplification
can be aquired as breast cancer progress. Proc Natl Acad Sci
USA 2004; 101: 9393-9398. doi:10.1073/pnas.0402993101
Sledge GW, Jr. Circulating tumor cells in breast cancer:
Blood will tell. Clin Cancer Res 2006; 12: 6321-6322.
doi:10.1158/1078-0432.CCR-06-1655

Alvero AB, Burtness BA, Ercan AG et al. Improved method for
the detection of cytokeratin 19-positive cells in the peripheral
blood of breast cancer patients. Lab Invest 2004; 84: 658—661.
doi:10.1038/labinvest.3700086

Rosenberg R, Gertler R, Friederichs J et al. Comparison of
two density gradient centrifugation systems for the enrichment

[32]

(33]

[34]

of disseminated tumor cells in blood. Cytometry 2002; 49:
150-158. doi:10.1002/cyto.10161

Naoe M, Ogawa Y, Morita J et al. Detection of circulating
urothelial cells in the blood using the CellSearch System.
Cancer 2007; 109:1439-1445. doi:10.1002/cncr.22543
Riethdorf S, Fritsche H, Miiller V et al. Detection of circulating
tumor cells in peripheral blood of patients with metastatic breast
cancer: a validation study of the Cell Search system. Clin Cancer
Res 2007; 13: 920-928. doi:10.1158/1078-0432.CCR-06-1695
Balic M, Dandachi N, Hofmann G et al. Comparison of two
methods for enumerating circulating tumor cells in carci-
noma patients. Cytometra B Clin Cytom 2005; 68: 25-30.
doi:10.1002/cyto.b.20065



http://dx.doi.org/10.1073/pnas.0402993101
http://dx.doi.org/10.1158/1078-0432.CCR-06-1655
http://dx.doi.org/10.1038/labinvest.3700086
http://dx.doi.org/10.1002/cyto.10161
http://dx.doi.org/10.1002/cncr.22543
http://dx.doi.org/10.1158/1078-0432.CCR-06-1695
http://dx.doi.org/10.1002/cyto.b.20065



