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The clinical impact of circulating tumor cell (CTC) detection is controversial, mainly due to
drawbacks of molecular approaches applied to this ﬁeld. We sought to determine if the speciﬁc
identiﬁcation and counting of circulating tumor cells by cytomorphologic analysis has clinical
usefulness. Peripheral blood (6 mL), treated using isolation by size of epithelial tumor cells, was
obtained from 44 patients with primary liver cancer (PLC) and without metastases, 30 patients
with chronic active hepatitis, 39 with liver cirrhosis, and 38 healthy individuals, and followed up
for a mean period of 1 year. We searched for ␤-catenin mutations in 60 single microdissected
CTCs. One patient with liver cancer developed extrahepatic metastases during follow-up. CTCs
and microemboli were found in 23 of the 44 patients with liver cancer and in none of the patients
with chronic active hepatitis, patients with cirrhosis, or healthy subjects. Their presence was
signiﬁcantly associated with tumor diffusion (P ⴝ .0001) and portal tumor thrombosis (P ⴝ
.006). Both the presence (P ⴝ .01) and number (P ⴝ .02) of CTCs and microemboli were
signiﬁcantly associated with a shorter survival. ␤-Catenin mutations were found in 3 of 60 CTCs,
arguing against their impact on the initial step of tumor cell invasion. In conclusion, the highly
sensitive and speciﬁc detection of CTCs and microemboli may have clinical implications for
cancer staging and outcome prediction. We also show the feasibility of molecular studies of
individual circulating tumor cells, aimed at identifying gene mutations involved in tumor invasion. (HEPATOLOGY 2004;39:792–797.)

T

he spread of malignant cells in the peripheral
blood of patients with cancer plays a major role in
the process leading to metastases and/or recurrence after surgery.1 In the case of patients with primary
liver cancer (PLC), circulating tumor cells (CTCs) have
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been reported; however, their clinical impact on disease
outcome is presently unknown.2 This is mainly because
(1) speciﬁc tests for identifying and counting CTCs are
lacking and (2) extrahepatic metastases occur only rarely
in these patients.3 Furthermore, the signiﬁcance of CTC
and circulating tumor microemboli (CTM) detection in
patients who are going to die without developing tumor
recurrence or metastases is also unknown.
The major limitation of detection of CTCs is that they
are rare (ⱕ1/mL) and thus require a highly sensitive and
speciﬁc method for their identiﬁcation and characterization. Molecular methods such as reverse-transcriptase
polymerase chain reaction have been used for this purpose
in the past4,5; however, a number of technical and methodologic drawbacks have limited their interpretation. Isolation by size of epithelial tumor cells (ISET) allows a
highly sensitive enrichment, morphological identiﬁcation, and counting of CTCs and CTM.6 We have now
applied this approach to patients with PLC in order to
evaluate its clinical impact.
Recently, mutations and/or deletions clustered in exon
3 of the ␤-catenin gene7,8—which encodes a mutifunc-
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tional protein involved in cell– cell adhesion and Wingless/Wnt signaling9,10— have been reported in an average
of 20% (18%– 41%) of human PLC. ␤-Catenin exon 3
mutations have been shown to block the protein phosphorylation and ubiquitination. This leads to stabilization of cytoplasmic-free ␤-catenin and its translocation to
the nucleus, where it has been reported to transcriptionally activate target genes like cyclin D1 and matrix metalloproteinase.7,11 In this work we looked for ␤-catenin
mutations in circulating CTCs in an attempt to assess
their impact on the early steps of tumor cell invasion in
patients with PLC.

Materials and Methods
We studied 44 patients with PLC and without extrahepatic metastases (32 men and 12 women 50 –79 years
old), 30 patients with chronic hepatitis (16 men and 14
women 35–56 years old), 39 patients with liver cirrhosis
(25 men and 14 women 43– 62 years old), and 38 healthy
individuals (23 men and 15 women 31–52 years old).
Patients with PLC were tested at diagnosis. Clinical, biochemical, and histopathologic analyses were then performed to evaluate the extent of tumor development.
Eligibility for surgery was deﬁned according to the following parameters:
● Pugh’s score lower than 7
● serum bilirubin concentration below 25 micromoles/L
● absence of ascites
● absence of extrahepatic metastases
● less than four tumor nodules
● presence of a noninvaded, 10-mm-wide or larger liver
area around the tumor at computed tomography (CT) analysis, which suggests the absence of tumor diffusion.
Consistently, we will use the term “localized tumor” or
“diffuse tumor” according to the absence or presence of signs
of tumor invasion around the lesion assessed by CT. Patients
with localized tumors underwent liver resection. Extrahepatic invasion was also carefully ruled out preoperatively
through abdominal CT and chest X rays. Portal thrombosis
was assessed by pathologic and/or imaging analyses. Extrahepatic metastases were investigated using chest X rays, ultrasonography, and CT. Patients were followed up for a
mean period of 50 ⫾ 48 weeks. Informed consent was obtained from each patient who participated in the study. The
study protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki as reﬂected in a priori approval
by the Necker Hospital review committee.
The ISET method has already been reported.6 Peripheral
blood (6 mL) was collected on buffered ethylendiaminetetracetic acid, diluted 1:10 with the ﬁltration buffer, and ﬁltered using an ISET device (Metagenex.fr, Paris, France). At
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the end of this step, each spot on the ﬁlter contains the large
cells derived from 1 mL of blood. Three spots per sample—
equivalent to 3 mL of blood—were stained and/or immunostained (anti–␣-fetoprotein antibody).
CTCs were identiﬁed as large cells (cell diameter ⬎25
m) with a high nucleus/cytoplasmic ratio, irregular
chromatin, and/or nuclear shape. CTM were identiﬁed as
groups of adherent tumor cells. Cells having intermediate
characteristics (e.g., large cells with a normal nucleus/cytoplasmic ratio and/or regular chromatin or nuclear
shape) were classiﬁed as epithelial atypical cells (EAC).
Nuclear shape and cell size were assessed using the Adobe
Photoshop software and compared to the size of the ﬁltercalibrated pores (8 m).
Single-stained or immunostained tumor cells were
captured by way of laser capture microdissection (Acturus
Pix cell II, Mountain View, CA) using the combination of
low-energy solid laser and a simple transfer ﬁlm on a
capsule. DNA was extracted by using lysis buffer (100
mM Tris-HCl pH 8 and 400 g/mL proteinase K) at 37°
C for 16 hours. After proteinase K inactivation at 90° C
for 10 minutes, DNA was ampliﬁed using the modiﬁed
primer extension pre-ampliﬁcation (PEP) protocol as previously described.6
The ␤-catenin exon 3 was ampliﬁed by way of a nested
PCR protocol using 10 L of the PEP product and the
following ␤-catenin primers: forward primer 5⬘-ATTTGATGGAGTTGGACATGGC-3⬘, reverse primer 5⬘ATCAGCTCTTGTTCTTGAGTGA-3⬘. The ﬁrst PCR
round was performed in 100 L of PCR buffer containing 2 mM MgCl2, 0.25 mM desoxynucleoside triphosphates (dATP, dTTP, dCTP, and dGTP), 10 pmoles of
each ␤-catenin primer, and 2.5 units of Taq polymerase
(PerkinElmer Cetus, Emeryville, CA).
For nested PCR, 2 L of the ﬁrst reaction product was
subjected to further ampliﬁcation in a microfuge tube
containing 100 L of PCR buffer and 10 pmoles of the
two ␤-catenin internal primers: forward primer 5⬘ACATGGCCATGGAACCAGACAGA-3⬘ and reverse
primer 5⬘-GAGTGAAGGACTGAGAAAATCCCTG-3⬘.
Ampliﬁcations were carried out for 40 cycles in a thermocycler (9500, PerkinElmer) (30 seconds each at 94° C, 55° C,
and 72° C). Ampliﬁcation products were analyzed by way of
2% agarose gel electrophoresis and ethidium bromide staining. The exon 3–speciﬁc bands were puriﬁed by spin column
and sequenced on an ABI Prism 310 automated sequencer
(Applied Biosystems, Foster City, CA) using a Big Dye terminator cycle sequencing kit and AmpliTaq DNA polymerase. We used the two ␤-catenin internal primers as
sequencing primers. Mutations were conﬁrmed by sequence
analysis of both DNA strands obtained from two independent PCR tests. In each test, we introduced as a positive
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Fig. 1. CTCs and CTM isolated by way of ISET from the peripheral blood of patients with liver cancer. (A) Anti–␣-fetoprotein–positive mononuclear
CTC characterized by large size (42 m), a high nucleus/cytoplasmic ratio (0.83) and irregular nuclear shape. (B) Anti–␣-fetoprotein–positive
plurinucleated CTC characterized by large size (41 m) and a high nucleus/cytoplasmic ratio (0.7). (C) Anti–␣-fetoprotein–positive CTM formed by
a monunucleated CTC (left) and a trinucleated CTC (right). (D) Anti–␣-fetoprotein–positive CTM formed by several CTCs. Cell nuclei are counterstained
with Mayer’s hematoxylin (⫻100).

control one single microdissected HuH6 cell (known to have
a mutation in ␤-catenin exon 3).
The 2 test or Fisher exact test was used for statistical
analyses of between-group frequencies. The cumulative
overall survival rates were calculated using the KaplanMeier method. Survival curves were compared by means
of the log-rank test. Univariate and multivariate analyses
were made using SPSS-10.0 statistical software (SPSS
Inc., Chicago, IL). Multivariate analysis was performed
using the Cox model approach and the following variables:
● presence versus absence of portal thrombosis
● presence versus absence of CTCs/CTM
● monofocal versus multifocal tumor
● eligibility to surgery versus ineligibility to surgery
● Child-Pugh class A versus Child-Pugh class B or C.
A P value of less than .05 was considered signiﬁcant.

Results
None of the 38 healthy individuals scored positive for
CTCs or CTM. None of the 30 patients with chronic

active hepatitis and none of the 39 patients with cirrhosis
scored positive for CTCs or CTM. Clinical, biochemical,
and histopathologic analyses showed that 22 patients had
a localized tumor, which was treated during follow-up by
means of liver tumor resection. Twenty-two patients had
diffuse, multinodular tumors and were considered ineligible for surgery. Twenty-three patients with PLC scored
positive for CTCs (Fig. 1, Table 1), including two patients with CTM, ﬁve of whom had a localized tumor.
Table 1. CTCs and EACs in PLC and Control Patients
Total Number Number of Patients Number of Patients
of Patients
With CTCs/CTM
With EACs

PLC
Cirrhosis
Chronic hepatitis
Healthy individuals

44*
39
30
38

23 (1–10)†
0
0
0

22 (1–9)
6 (1–5)
7 (1–6)
0

Range of CTCs/CTM or EACs per 3 mL of blood is shown in parentheses.
*Twenty-two patients with localized PLC (eligible for surgery) and 22 patients
with diffuse PLC (ineligible for surgery).
†Includes ﬁve patients with localized tumors and 18 with diffuse tumors, two
of whom had tumor microemboli.
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Table 2. CTCs According to Tumor Characteristics in 44
Patients With PLC
Total Number
Number of
of Patients Patients With CTCs

Eligibility for tumor resection
Eligible
Ineligible
Tumor noduli
1
⬎1
Not evaluated
Size (cm) of the largest nodule
ⱕ3
⬎3–⬍10
⬎10
Not evaluated
Portal thrombosis
Absent
Present

P Value

22
22

5
18

P ⫽ .0001

16
27
1

6
16

NS

16
14
11
3

8
7
5

NS

24
20

8
15

P ⫽ .006

Abbreviation: NS, not signiﬁcant.

The presence of CTCs/CTM was more frequent in patients with diffuse tumors (P ⫽ .0001) and was associated
with portal tumor thrombosis (P ⫽ .006) but not with the
number and size of tumor nodules (Table 2). Only one
patient—who had a diffuse tumor— developed extrahepatic metastases during follow-up. Twenty-one patients
died during follow-up. The analysis of the relationship
between CTCs/CTM in blood and the histologic evidence of microinvasion of cancer cells in tumor vessels
was performed in 18 of the 22 patients who underwent
liver tumor resection. Pathologic analysis revealed that
tumors spread into the venous vessels around the tumorous tissue in 6 out of 18 patients, including the ﬁve who
had CTCs/CTM in the peripheral blood. This result is
consistent with the association we found between portal
tumor thrombosis and presence of CTCs/CTM. CTCs/
CTM presence was signiﬁcantly more frequent in patients
in Child-Pugh class B or C than in patients in Child-Pugh
class A (P ⫽ .001). The ␣-fetoprotein value was also more
frequently above the normal level in patients with than in
patients without CTCs/CTM (P ⫽ .03). Both the presence of portal tumor thombosis (P ⫽ .03) and of multifocal tumors (P ⫽ .02) were signiﬁcantly associated with
Child-Pugh class B or C.
In univariate analysis, patients who were eligible for
surgery (with localized tumor) showed a signiﬁcantly increased survival compared with patients who were ineligible for surgery (with diffuse tumor) (Fig. 2A; P ⫽ .04).
Patients without CTCs/CTM showed a signiﬁcantly increased survival compared with patients with CTCs/
CTM (Fig. 2B; P ⫽ .01). Patients having at least one
CTM or four or more CTCs per 3 mL of blood showed a
signiﬁcantly decreased cumulative survival compared

795

with patients with one to three CTCs and patients without CTCs per 3 mL of blood (Fig. 2C, P ⫽ .02). However, when CTCs/CTM plus EACs were taken into
account, no signiﬁcant association of their presence with
survival was found in the group of nonoperated patients
(Fig. 2D). Survival was signiﬁcantly shorter in patients
with more severe cirrhosis (Child-Pugh class B or C) compared with patients in Child-Pugh class A (P ⫽ .02).
Presence of monofocal tumors was associated with a better survival than presence of multifocal tumors (80% versus 20%; P ⫽ .03). Absence of portal tumor thrombosis
was also signiﬁcantly associated with a longer survival
(P ⫽ .01).
In the multivariate analysis, when all the ﬁve criteria
that were signiﬁcantly associated with a better survival
in the univariate analysis (eligibility for surgery, absence of CTCs/CTM, Child-Pugh class A, presence of
monofocal tumors, and absence of portal thrombosis)
were taken into account, none of them was independently associated with survival. Because this result may
be related to the high number of the included parameters compared with the number of events and the size
of the sample, we repeated the analysis excluding the
Child-Pugh class and the eligibility for surgery—which
are composite variables—and found that only portal
tumor thrombosis was associated with decreased survival as an independent variable (P ⫽ .05; RR: 3.22),
while the presence of CTCs/CTM did not reach signiﬁcant value (P ⫽ .16; RR: 2.2).
␤-Catenin mutations were assessed in isolated CTCs
and CTM (Table 3). One cell from the HCC-derived cell
line, HuH6 —which carried a ␤-catenin mutation at
codon 34 (Gly to Val)—was inserted as positive control in
each series of tested samples. The HuH6 ␤-catenin mutation was consistently found at codon 34 (G to T) in each
test, demonstrating that the PEP and the nested PCR
protocols did not modify the ampliﬁed sequence. As negative controls, we used single microdissected cells from
cell lines HuH7 and LNCaP and 24 nontumorous cells
(monocytes) microdissected from the patients under
study. None of these cells scored positive for ␤-catenin
mutations. A variable number of CTCs (from 4 to 13 per
patient; total: 60) were microdissected from 10 patients—
including two CTM from two different patients—and
tested for mutations in the exon 3 of ␤-catenin. A ␤-catenin mutation was found in two CTCs (codon 42: C to T,
Thr to Ile; codon 66: G to T, Trp to Leu) and one CTM
(codon 30: A to G, Tyr to Cys) derived from three different patients. These results show that cells carrying a
␤-catenin gene mutation are not speciﬁcally selected in
CTCs spread from the primary liver tumor.
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Fig. 2. Kaplan-Meier survival curves of patients with PLC. Patients were classiﬁed according to: (A) localized tumor (group A) and diffused tumor
(group B); (B) presence (CTC⫹) and absence (CTC⫺) of CTCs per 3 mL of blood; (C) number of CTCs: absence (CTC⫺), one to three CTCs
(1⬍CTC⬍3), and four or more CTCs (CTC⬎4) per 3 mL of blood; (D) presence of more (CTC⫹EAC⬎5) or less (CTC⫹EACⱕ5) than ﬁve CTCs plus
EACs per 3 mL of blood (analysis performed in patients with diffused tumors only). Numbers below the curves indicate the number of patients still
at risk at the corresponding time. P value was calculated using the log rank test.

Discussion
In this article we have used ISET to speciﬁcally identify
CTCs and CTM by way of cytomorphologic analysis. Our
results show that the spontaneous circulation of CTCs in
peripheral blood is a sign of tumor progression and tumor
spread in patients with PLC, a tumor which is known to

develop a low rate of extrahepatic metastases. (In fact, only
one patient in our study developed extrahepatic metastases.)
We found that the presence of CTCs is signiﬁcantly associated with the presence of a diffuse tumor (deﬁned as a tumor
surrounded by a presumably invaded area at the CT analysis), portal tumor thrombosis (detected by way of his-

Table 3. ␤-Catenin Mutations (Exon 3) in Individually Microdissected Cells
Number of Patients

Number of Cells With Mutation
(Number of Patients)

CTCs (60)*

10

3 (3)†

Circulating nontumor cells (24)
HuH6 (5)
HuH7 (3)
LNCaP (3)

10

0
5
0
0

Type of Microdissected Cells (Number)

*Includes two CTM.
†Includes one CTM.
‡The same mutation was found in all the tested HuH6.

Type of ␤-Catenin Mutation

Codon 42: Thr ⬎ Ile
Codon 66: Trp ⬎ Leu
Codon 30: Tyr ⬎ Cys
Codon 34: Gly ⬎ Val‡
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topathologic analysis and/or CT), and advanced liver disease
(Child-Pugh class B or C). Therefore, our results are consistent with the idea that in patients with PLC the presence of
CTCs may be an interesting marker of tumor spread. We
also found through Kaplan-Meier analysis that the presence
and number of CTCs were signiﬁcantly associated with
shorter survival. However, the multivariate analysis, performed using the ﬁve variables associated with survival in the
univariate analysis, showed that none of them was signiﬁcantly associated survival as an independent variable. Taking
into account that this study has been performed on a limited
number of patients, our results encourage assessment of the
clinical impact of CTC detection by using a cytomorphologic approach on a larger series of patients with PLC. Our
preliminary data suggest that noninvasive identiﬁcation and
counting of CTCs in patients with liver cancer could have a
clinical impact on staging and a prognostic value independent of the development of metastases. The assessment of the
impact of this analysis in patients with solid tumors who
develop a higher rate of metastases is ongoing. Compared
with expensive and cumbersome molecular techniques (e.g., reverse-transcriptase polymerase chain reaction), ISET is simple,
inexpensive, and allows applying the cytopathological diagnosis
of tumor cells, already widely used in clinical oncology, to peripheral blood samples. It also affords to speciﬁcally identify and
count circulating tumor microemboli (CTM), and to perform
immunocytological and molecular studies.6
A major issue in molecular oncology is the possibility
of identifying gene mutations in spontaneous CTCs,
which potentially play a role in the ﬁrst steps of tumor
invasion. ␤-Catenin exon 3 mutations and the nuclear
protein accumulation have been reported to be related to
increased proliferative activity,12 reduced cell adhesion
and dedifferentiation,13 tumor progression,14,15 and increased metastatic potential.16 On the one hand, expression of mutant nuclear ␤-catenin has been shown to
correlate with noninvasive HCC, absence of portal vein
thrombosis, and good prognosis17; on the other hand, it
has been recently reported that ␤-catenin is transported
along microtubules and accumulates in the tips of membrane protrusion so that it may regulate cell migration.18
We found genetic mutations of ␤-catenin exon 3 only
rarely (3 cells out of 60) in individual, spontaneously circulating, liver-derived tumor cells, showing that this mutation does not play an important role in the early steps of
invasion. However, our repeated analyses of single HuH6
cells, which carry a point mutation at codon 34, and of
nontumorous cells, which do not carry mutations of
␤-catenin exon 3, clearly established that the pre-ampliﬁcation of single-cell DNA does not modify the target
DNA sequence; therefore, this kind of genetic investigation is now feasible for CTCs.
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In conclusion, this preliminary work suggests that the
speciﬁc identiﬁcation and counting of CTCs/CTM is potentially an interesting test for tumor staging and outcome prediction and could have potential implications
for therapeutic choices. A large multicenter study is required to precisely assess the predictive value of the ISET
approach. It also shows that the ISET approach allows
addressing molecular studies to CTCs, which were previously not available for genetic analysis.
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