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Purpose: Circulating tumor cells (CTCs) are considered to be a key factor involved in 
tumor metastasis. However, the isolation and culture of CTCs in vitro remains challenging, 
and their clinical application for predicting prognosis and survival is still limited. The 
development of accurate evaluating system for CTCs will benefit for clinical assessment of 
HCC.
Methods: Density gradient centrifugation and magnetic separation based on CD45 antibody 
were used to isolate CTCs. 3D culture was used to maintain and amplify CTCs and HCC 
cells. Cellular immunofluorescence was used to identify CTCs and spheroids. The cutoff 
value of CTC spheroid was calculated using X-tile software. The relationship between 
clinicopathological variables and CTC spheroids in HCC patients is analyzed. In vivo models 
were used to evaluate tumor growth and metastasis of CTC spheroids.
Results: Patient-derived CTCs/HCC cells were isolated and expanded to form spheroids 
using 3D culture. CTC spheroids could be used to predict short-term recurrence of CTCs 
compared with conventional CTC enumeration. Different cell lines exhibited different for-
mation rates and grew to different sizes. Identification of CTC spheroids revealed that 
EpCAM and β-catenin were expressed in spheroids derived from HCC cells and in the 
HCC/CTCs. EpCAM-positive HCC cells exhibited improved spheroid formation in 3D 
culture and were more tumorigenic and likely to metastasize to the lung in vivo. Abnormal 
activation of the Wnt/β-catenin signaling pathway was observed in EpCAM positive cells.
Conclusion: CTC spheroids could predict prognosis of HCC more precisely compared with 
conventional CTC enumeration. EpCAM may participate in the formation and survival of 
CTC spheroids which dependent on Wnt/β-catenin signaling pathway.
Keywords: 3D culture, circulating tumor cells, early recurrence, metastasis, hepatocellular 
carcinoma

Introduction
Hepatocellular carcinoma (HCC) is one of the most common types of cancer 
worldwide1,2 and usually develops as a result of liver cirrhosis.3,4 HCC is 
a highly aggressive cancer and is now the third leading cause of cancer-related 
death. Surgical resection, local ablation and liver transplantation are potentially 
curative for HCC.5 However, the majority of patients with HCC cannot undergo 
these procedures, as the cancer is usually diagnosed in the first instance at an 
advanced stage. Additionally, treatment using these methods is associated with 
higher postoperative recurrence rates,5–7 which jeopardizes overall survival of 
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HCC patients. High-resolution imaging is the most com-
mon approach used to evaluate treatment, however, its 
sensitivity is quite low when a solid tumor is altered 
slightly. Imaging cannot detect early tumor cell metas-
tases, as the tumor cells which are most likely to metasta-
size are present in low quantities during the initial stage 
when the cancer is still localized. Additionally, imaging 
cannot be used to predict prognosis of HCC patients. In 
recent years, several biomarkers, such as minichromosome 
maintenance complex component7,8 ubiquitin-specific pep-
tidase 229 and glypican310 have been identified to be 
potentially prognostic factors in patients with HCC, and 
are awaiting large-scale clinical trials for evaluation.

Circulating tumor cells (CTCs) are defined as tumor 
cells that are shed into the bloodstream, which originated 
from solid tumors. These cells have the potential to pro-
mote thrombosis,11 metastasis to distant organs,12 and 
acquire resistance to anti-cancer drugs,13 and may thus 
be used to evaluate potential anti-cancer therapies.14,15 

CTCs may also highlight the potential of blood-based 
biomarkers for prognostic prediction in several types of 
cancer.15–18 At present, there is no standard protocol or 
method for identification and isolation of CTCs, although 
the CellSearch system, an epithelial cell adhesion mole-
cule (EpCAM)-based capture method, has been approved 
by the US Food and Drug Administration (FDA) in 2004. 
Due at least in part to technological limitations, CTCs 
have not been incorporated into routine clinical practice. 
As for detection of CTCs in patients with HCC, EpCAM- 
based strategies are unsuitable, as only a small percentage 
of HCC cases are positive for EpCAM.19,20 Moreover, 
although an increasing number of studies have demon-
strated the function of CTC enumeration in clinical oncol-
ogy, currently available methods do not allow for 
determination of whether the isolated cells are responsible 
for the initiation and generation of metastases.

Clinical observations and animal model studies have 
suggested that although thousands of tumor cells dissemi-
nate into the circulation, only a very small fraction of 
CTCs give rise to distant metastases, a phenomenon 
regarded as “metastatic inefficiency”.14,21,22 Isolated 
CTCs are hypothesized to be viable cells which can be 
maintained in an in vitro manner. In our recent study, HCC 
patient-derived CTCs were expanded to form spheroids 
using 3D cell cultures grown in a specific media. This 
in vitro cell culture model was shown to reflect human 
tumors in a more accurate manner than conventional 
monolayer cultures, or 3D cultures using immortalized 

cell lines, as the use of primary cells more accurately 
mimicked the properties of the tumor in vivo. Thus, it 
was hypothesized that CTCs may be used to form spher-
oids and that they may be responsible for the development 
of a metastasis. Spheroid culture of CTCs may provide 
more reliable information regarding the prognosis of 
a patient when used alongside CTC enumeration in all 
HCC subtypes. The present study explored whether spher-
oid formation of CTCs was more relevant to disease pro-
gression and survival compared with CTC enumeration, 
and identified which CTC subpopulations, based on mole-
cular characterization, possessed an aggressive phenotype 
and formed spheroids.

Materials and Methods
Ethics Statement
The use of human tissues, blood samples, and clinical data 
was approved by the Biomedical Ethics Committee of 
Eastern Hepatobiliary Surgery Hospital, Second Military 
Medical University (Shanghai, China). All patients and 
healthy volunteers provided informed written consent, 
which was conducted in accordance with the declaration 
of Helsinki.

Patients and Sample Collection
Between May 2012 and June 2013, peripheral blood 
samples were collected from 106 patients with HCC, 37 
patients with benign liver diseases (30 patients with 
intrahepatic bile duct stones, 7 patients with hepatic 
hemangioma) and 12 healthy volunteers. All patients 
were diagnosed histopathologically. The clinicopatholo-
gical characteristics of all patients are summarized in 
Table 1. Blood was drawn from each subject and col-
lected in a BD Vacutainer tube containing sodium 
heparin (Becton, Dickinson and Company). The samples 
were stored at 4°C and processed within 6 h following 
collection. Peripheral blood was collected for CTC 
assays in polyethylene tubes containing EDTA (Greiner 
Bio-One GmbH). All patients were followed-up post-
operatively by the same team of surgeons. A short-term 
follow-up was performed as previously described. The 
median follow-up time was 15.8±6.0 months (range, 
1–24 months).

CTC Enrichment
CTC enrichment of whole blood samples was performed 
as described previously.23 Briefly, following density 
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gradient centrifugation, CTCs were enriched by extracting 
CD45-expressing leukocytes with magnetically labeled 
anti-CD45 monoclonal antibodies (130-109-682, Miltenyi 
Biotec) according to the manufacturer’s protocol. The 
remaining cells were cytocentrifuged on poly-lysine- 
coated slides for identification and enumeration of CTCs, 
or resuspended in 150 μL DMEM (high glucose) (Gibco; 
Thermo Fisher Scientific, Inc.) for the in vitro 3D culture 
of CTCs.

Identification and Enumeration of CTCs
The method used in the present was the same as that 
described previously in more detail.24 Briefly, the slides 
prepared from blood samples were incubated with the 
primary antibodies (mouse anti-ASGPR antibody 
sc52623, Santa Cruz; or rabbit anti-CPS1 antibody 
ab128942, Abcam then stained with the Cy3-conjugated 
goat anti-mouse IgG antibody and the FITC-conjugated 
goat anti-rabbit IgG antibody (A0521 and A0562, 
Beyotime Institute of Biotechnology), and co-stained 
with DAPI. The stained slides were viewed under 
a fluorescence microscope (IX71; Olympus Corporation), 
and images were captured from positively stained CTCs 
and control slides using the same gain and exposure times. 
The ASGPR/CPS1 and DAPI-stained cells that exhibited 
morphological features of malignant cells (large cell size, 
high nuclear to cytoplasmic ratio, and visible nucleoli) 
were considered HCC/CTCs. Cell counts are expressed 
as the number of cells per 5 mL blood.

In vitro Conventional Cell Culture and 
3D Culture
The human hepatoma cells PLC/PRF/5, Hep3B, Huh-7 
and HCCLM3 were obtained and cultured as previously  

Table 1 Clinical Characteristics of HCC Patients and 
Correlation with CTC Counts

Clinical 
Characteristics

No. of 
Patients 
(n=106)

CTC 
(+) 

(n=60)

CTC 
(–) 

(n=46)

p

Age, years
≤50 55 33 22 0.464

>50 51 27 24

Sex

Male 83 49 34 0.337
Female 23 11 12

HBsAg
Negative 20 9 11 0.245

Positive 86 51 35

Child-Pugh score

A 102 57 45 0.449

B 4 3 1

Liver cirrhosis

No 32 17 15 0.635
Yes 74 43 31

ALT, U/L
≤75 83 44 39 0.156

>75 23 16 7

AFP, ng/mL

≤400 50 23 27 0.037

>400 56 37 19

No. of tumors

Single 96 54 42 0.820
Multiple 10 6 4

Tumor size, cm
≤5 71 42 29 0.450

>5 35 18 17

Tumor 

encapsulation

Complete 80 41 39 0.051
None 26 19 7

Satellite lesion
No 89 45 44 0.004

Yes 17 15 2

Vascular invasion

No 51 21 30 0.002

Yes 55 39 16

Edmondson 
stage

I–II 66 31 35 0.010

III–IV 40 29 11

(Continued)

Table 1 (Continued). 

Clinical 
Characteristics

No. of 
Patients 
(n=106)

CTC 
(+) 

(n=60)

CTC 
(–) 

(n=46)

p

BCLC stage
0 + A 88 48 40 0.344

B+C 18 12 6

Recurrence

No 62 26 36 < 0.001

Yes 44 34 10
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described.23 All the cells were identified and confirmed by 
STR profiling. The enriched CTCs were cultured using 
a 3D cell culture assay as described previously.13,25 

Briefly, Matrigel (BD Biosciences) was thawed according 
to the manufacturer’s protocol and mixed with an equiva-
lent volume of CTC-containing DMEM. When the hepa-
toma cell lines were used for 3D culture, 1x103 cells 
suspended in DMEM was mixed with Matrigel. The pre-
pared mixture was then incubated in a 24-well plate for 30 
min at 37°C. Subsequently, 500 μL DMEM supplemented 
with 10% FBS was added to the plate, and the media was 
replaced every 2 days. Spheroid formation was observed 
under a microscope every day and counted on day 7. 
A spheroid was defined as a 3D cell structure >100 μm 
in diameter, based on images taken on a microscope.

Immunofluorescence and 
Immunohistochemistry Staining
Cell spheroids were gently detached, picked and fixed on glass 
slides with 4% paraformaldehyde. The cells were blocked 
using normal goat serum. Slides were incubated for 1 h with 
the primary antibodies, including mouse anti-human CPS1 
(ab128942, Abcam), mouse anti-human ASGPR, rat anti- 
human CD45 (sc52623 and sc19597 both from Santa Cruz 
Biotechnology Inc.), rabbit anti-human EpCAM and rabbit 
anti-human β-catenin (ab221552 and ab32572 all from 
Abcam). CPS1 and ASGPR antibodies were used for detection 
of hepatocytes,23,24 a CD45 antibody was used for detection of 
hematological cells,26 and EpCAM and β-catenin antibodies 
were used for detection of stem-like cancer cells.27,28 After 
washing 3 times with PBS, the secondary antibodies, including 
the Cy3-conjugated goat anti-mouse/rabbit IgG (A0521 and 
A0562, Beyotime Institute of Biotechnology) or Alexa Fluor 
488-conjugated rabbit anti-rat IgG (A21210, Invitrogen; 
Thermo Fisher Scientific, Inc.) antibodies were added and 
incubated at room temperature for 40 min. Cells were then 
counterstained with DAPI (D9542, Sigma-Aldrich; Merck 
KGaA) and images were captured using an Olympus-IX71 
fluorescent microscope (Olympus Corporation).

Tumor tissues from animal models were embedded in 
paraffin and cut into 4 μm thick sections. Tissue sections 
were deparaffinized, rehydrated and treated with 3% H2O2 

for 15 min to inhibit endogenous peroxidase activity. 
Following heat-induced epitope retrieval in 10 mM citrate 
buffer (pH 6.0) in a microwave for 15 min, the slides were 
incubated at 4°C overnight with the pre-diluted primary 
antibodies (Ki67, EpCAM and β-catenin; ab16667, 

ab221552 and ab32572, all from Abcam). After incubation 
with a secondary antibody, the signal was developed using 
3,3ʹ-diaminobenzidine tetrachloride. Tissues were imaged 
using a microscope.

Knockdown of EpCAM Using Small 
Interfering (si)RNA
EpCAM was knocked-down by transfecting the cultured 
cells using SMARTpool siRNAs targeting EpCAM (GE 
Healthcare) and Lipofectamine® 2000 (Thermo Fisher 
Scientific, Inc.). siRNA-NC was used as control. 
Transfections were performed according to the manufac-
turer’s protocol.

Western Blot Analysis
Total proteins were prepared from harvested cells and 
resolved (20 μg/lane) on SDS-gels using SDS-PAGE. 
The resolved proteins were transferred to PVDF mem-
branes. Anti-EpCAM and anti-β-catenin primary antibo-
dies were used (both from Abcam). GAPDH antibodies 
and all secondary antibodies were obtained from Santa 
Cruz Biotechnology, Inc. Immunoreactive proteins were 
visualized using an enhanced chemiluminescence detec-
tion system (Sigma-Aldrich; Merck KGaA), by exposing 
X-ray films to the treated membranes.

The cytoplasmic protein and the nuclear protein were 
extracted according to instructions of nuclear and cyto-
plasmic extraction reagents kit (Beyotime, Jiangsu, 
China). GAPDH was used as internal control.

Colony Formation Assay
Cell spheroids were enzymatically dissociated using dispase 
(BD Biosciences). Cell viability was determined by staining 
the cells with trypan blue, and the unstained cells were counted. 
If cell viability was >95%, then the cultures were used for the 
colony formation assay. A 6-well plate was pre-coated with 
Matrigel (BD Biosciences), and cells were seeded in DMEM 
with 10% FBS at a density of 1x103 cells/well. After 7 days, the 
number of colonies stained with crystal violet (Sigma-Aldrich; 
Merck KGaA) was counted under a microscope, and represen-
tative images were taken.

In vivo Tumor Growth and Metastasis 
Model
BALB/c male nude mice (6–8 weeks old) were purchased 
from Shanghai Laboratory Animal Center, Chinese 
Academy of Sciences. Mice were raised under pathogen-free 
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conditions. All in vivo experiments were performed in accor-
dance with guidelines and approved by the Animal Care 
Committee of Second Military Medical University 
(Shanghai, China). Briefly, for the subcutaneously injected 
tumor model, 5x105 HCC spheroids were subcutaneously 
injected into the flanks of mice. Tumor volume was calculated 
using the following formula: length x width2 x 0.5. After 6 
weeks, the tumors from each mouse was isolated. For the lung 
metastasis model, 1x104 HCC spheroids were injected into the 
tail veins of mice. The mice were monitored for 6 weeks for 
lung metastases using hematoxylin-eosin (H&E) staining.

Statistical Analysis
Data are expressed as the median ± standard error of the 
mean or as a percentage. Differences between groups were 
compared using a Student’s t-test or a one-way ANOVA. 
Spearman’s rank correlation analysis was used for deter-
mining the nonparametric correlations. Survival analysis 
was estimated using the Kaplan-Meier survival method. 
SPSS version 12.0 (SPSS Inc.) was used for all statistical 
analyses. P<0.05 was considered to indicate a statistically 
significant difference.

Results
Development of the 3D Cell Culture 
Assay for Circulating HCC Cells
Our previous study showed that CTCs from patients with 
HCC patients were difficult to maintain and amplify using 
conventional cell culture methods.29 Thus, a 3D cell cul-
ture assay was used to overcome the current limitations of 
2D culture methods. 3D cell structures or spheroids 
increase in size over time at different rates depending on 
the HCC cell line or the primary cells obtained from 
patients. Spheroids remain healthy until at least day 
12–14 of culture (Figures 1A and S1). A healthy spheroid 
was defined as one in which the cell mass remained tightly 
packed, was >100 μm in diameter and exhibited minimal 
shedding of apoptotic cells. Spheroids were observed 
every day and counted on Day 7. The results revealed 
that CTC spheroids were not observed in cultures obtained 
from the healthy volunteers and patients with benign liver 
disease (including intrahepatic bile duct stones and liver 
hemangioma) group. CTC spheroids (16.3 ± 22.9, range: 
0–88) were observed in 91.67% (55/60) of cultures devel-
oped using cells obtained from CTC positive HCC patients 
(38.6 ± 39.4, range: 2–178).

Identification of CTC Spheroids
Immunofluorescence staining results showed that all 
cultured spheroids that formed were derived from hepa-
tocytes expressing hepatocyte-specific markers (CPS1 
and ASGPR). The CD45+ lymphocytes were gradually 
eliminated in the in vitro 3D culture (Figure 1B). In 
addition, EpCAM, which is considered an epithelial 
stem cell marker, and the cell-cell adhesion molecule β- 
catenin were detected in the CTC spheroids. There was 
low or no expression of EpCAM and β-catenin expres-
sion in single CTCs. Thus, these data suggest that CTC 
spheroids were formed by stem cell-like CTCs and 
aggregated together to avoid rapid clearing, thus enhan-
cing survival and metastatic potential. CTC spheroids 
may thus be used to evaluate early recurrence and iden-
tify therapeutic targets.

CTC Spheroids May Serve a Significant 
Role in Predicting Short-Term 
Recurrence
Follow-up of patients showed that the CTC+ patients exhib-
ited earlier short-term recurrence time (Figure 2A). 
However, correlation analysis found that there was no cor-
relation between CTC enumeration and spheroid formation 
in the same patient (R=0.1649) (Figure 2B and C). Due to 
the heterogeneity of tumor cells and apoptosis caused by 
circulating shear forces, simple enumeration of CTCs to 
evaluate prognostic potential is controversial. 3D cell culture 
results found that CTC spheroids formed from cells obtained 
from patients with HCC prior to surgery could effectively 
predict early recurrence (Figure 3A). A total of 60 patients 
with HCC with positive circulating HCC cells were 
recruited in the present study. The optimal cutoff value of 
CTC spheroid count was 16, calculated using X-tile version 
3.6.1 (Yale University). The patients with >16 spheroids 
exhibited significantly shorter early recurrence time 
(P<0.0001; Figure 3B). The AUC for CTC spheroid counts 
≥16 was 0.744, with a sensitivity of 96.77% and specificity 
of 70.45% (P<0.001; 95% CI, 0.645–0.843). Compared with 
other clinical indices, CTC spheroid counts ≥16 was the 
most relevant factor for predicting early recurrence in HCC 
(AUCs with 95% CI for time to recurrence; P<0.05 vs CTC 
spheroid counts ≥16; Figure 3C). The clinicopathological 
variables between CTC enumeration and CTC spheroids in 
HCC patients are compared in Tables 1 and 2. CTC enu-
meration was significantly correlated with serum AFP 
(P=0.037), satellite lesion (P=0.004), vascular invasion 
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(P=0.002), Edmondson stage (P=0.010) and recurrence 
(P<0.001). The CTC spheroids were significantly correlated 
with satellite lesion (P<0.001), vascular invasion (P=0.008), 
Edmondson stage (P=0.005) and recurrence (P=0.007). 
Based on the univariate and multivariate analysis, CTC 
spheroids was one of the independent variables for predict-
ing recurrence (Table 3).

3D Cell Culture Assay for HCC Cells 
in vitro
3D culture assay was used to detect spheroid formation 
capacity of four HCC cell lines: HCCLM3, HepG2, PLC/ 
PRF/5 and Huh7. All four HCC cell lines were capable of 
forming spheroids when cultured in the 3D culture condi-
tions. However, the sizes of the spheroids and formation 

Figure 1 Culture and identification of CTC spheroids from the blood sample of patients with HCC. (A) Typical images of CTC spheroids from the blood samples of patients 
with HCC after different periods of culturing. (B) Identification of CTC spheroids from the blood samples of patients with HCC using immunofluorescence analysis. 
Abbreviations: CTC, circulating tumor cell; HCC, hepatocellular carcinoma.
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Figure 2 Correlation analysis between CTC enumeration and CTC spheroid formation in patients with HCC. (A) Early recurrence curves of patients with HCC with CTC 
(+) (n=60) and CTC (-) (n=46). P=0.001). (B) Paired CTC enumeration and the presence of CTC spheroids in patients with HCC with CTCs (n=60). (C) Correlation 
analysis between CTC enumeration and the presence of CTC spheroids. R=0.1649. 
Abbreviations: CTC, circulating tumor cell; HCC, hepatocellular carcinoma.
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Figure 3 The presence of CTC spheroids are significantly correlated with early recurrence. (A) Distribution of CTC spheroids in early recurrent patients. P<0.001. (B) 
Optimal cutoff value of CTC spheroid counts was selected using X-tile software. (C) Predictive ability of a CTC spheroid count ≥16 was compared with other clinical 
parameters using receiver operating characteristic curves in 106 patients with HCC. The area under the curve with 95% confidence intervals for TTR are also shown. 
*P<0.05 vs CTC spheroid count ≥16. 
Abbreviations: CTC, circulating tumor cell; TTR, time to recurrence.
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rates did differ amongst the HCC cell lines. HepG2 exhib-
ited the highest spheroid formation rate, followed by 
Huh7, then HCCLM3 and finally PLC/PRF/5. Huh7 cells 
formed the largest spheroids (Figure 4A). 
Immunofluorescence analysis showed that EpCAM and β- 
catenin were expressed in spheroids formed from the HCC 
cells, consistent with the spheroids formed of HCC/CTCs 
(Figure 4B). We cultured HCC cells by using conventional 
method and 3D method, and extracted protein from cyto-
plasm and nucleus, respectively. The results of Western 
blot assay showed that the expression of EpCAM was 
increased in 3D culture group. The expression of β- 
catenin in the spheroids was significantly enhanced in 
both cytoplasm and nucleus compared with conventional 
cultured HCC cells simultaneously (Figure S2).

EpCAM Positive HCC Cells Exhibit 
Better Spheroid Formation Ability Under 
the 3D Culture Conditions
To determine whether EpCAM participated in spheroid 
formation, the EpCAM-positive HCC cells were initially 
isolated by immunomagnetic sorting prior to the 3D cul-
ture. After 7 days of culture, the EpCAM-positive HCC 
cells exhibited significantly better spheroid formation 
compared with the EpCAM-negative HCC cells. HCC 
cells in which EpCAM expression was knocked down 
using siRNA exhibited reduced spheroid formation 
(Figure 5A). The soft agar colony formation assay 
revealed that the EpCAM-positive cells presented better 
growth ability, and this was reduced by the siRNA- 
mediated knockdown of EpCAM (Figure 5B).

EpCAM and β-catenin protein expression in the HCC 
cells was detected by Western blotting. The results showed 
that β-catenin expression was higher in the EpCAM- 
positive cells and decreased when EpCAM expression 
was knocked down (Figure 5C).

Table 2 Clinical Characteristics of HCC Patients and 
Correlation with CTC Spheroids Counts

Clinical 
Characteristics

No. of 
Patients 
(n=60)

CTC 
Spheroids 
≥16 (n=15)

CTC 
Spheroids 
<16 (n=45)

p

Age, years

≤50 33 9 24 0.653

>50 27 6 21

Sex

Male 49 12 37 0.847

Female 11 3 8

HBsAg

Negative 9 4 5 0.144

Positive 51 11 40

Child-Pugh score

A 57 13 44 0.087

B 3 2 1

Liver cirrhosis

No 17 5 12 0.620

Yes 43 10 33

ALT, U/L

≤75 44 9 35 0.178

>75 16 6 10

AFP, ng/mL

≤400 23 3 20 0.092

>400 37 12 25

No. of tumors

Single 54 13 41 0.619

Multiple 6 2 4

Tumor size, cm

≤5 42 10 32 0.745

>5 18 5 13

Tumor 

encapsulation

Complete 41 8 33 0.149

None 19 7 12

Satellite lesion

No 45 4 41 < 0.001

Yes 15 11 4

Vascular invasion

No 21 1 20 0.008

Yes 39 14 25

Edmondson stage

I–II 31 3 28 0.005

III–IV 29 12 17

BCLC stage

0 + A 48 11 37 0.456

(Continued)

Table 2 (Continued). 

Clinical 
Characteristics

No. of 
Patients 
(n=60)

CTC 
Spheroids 
≥16 (n=15)

CTC 
Spheroids 
<16 (n=45)

p

B+C 12 4 8

Recurrence

No 26 2 24 0.007

Yes 34 13 21
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Spheroids Derived from EpCAM Positive 
HCC Cells are Prone to Tumorigenesis 
and Lung Metastasis in vivo
The effect of EpCAM positive HCC spheroids on tumor 
growth and potential to metastasize to the lungs in vivo 
was assessed. Spheroids derived from Huh7 (cultured 
on day 7), EpCAM-positive Huh7 and EpCAM-negative 
Huh7 cells were used for each group (n=6). A total of 3 
weeks after cell transplantation, tumor volume in the 
EpCAM-positive group grew more quickly compared 
with the Huh7 and EpCAM-negative groups. After 6 
weeks, mice were sacrificed and tumors were removed 
and weighed. The tumor volumes and weights of the 
EpCAM-positive group were higher compared with the 
other two groups (Figure 6A–C). Immunohistochemistry 
analysis of Ki67, EpCAM and β-catenin protein expres-
sion in tumor tissues of the different groups was per-
formed. Ki67, EpCAM and β-catenin proteins were more 
highly expressed in the EpCAM-positive group compared 
with the other groups (Figure 6D). These results suggested 
that spheroids derived from EpCAM-positive HCC cells 
exhibited stronger tumorigenicity in vivo, accompanied by 
enhanced expression of the proliferating cell antigen, 
Ki67, and abnormal activation of the Wnt/β-catenin sig-
naling pathway.

Furthermore, as demonstrated in Figure 6E, mice 
injected with EpCAM-positive Huh7 spheroids exhibited 
a higher number and larger metastatic nodules in the lung 

compared with the other two groups. These in vivo data 
support the conclusion that EpCAM-positive HCC cells 
exhibited increased survival and proliferative capacity, and 
thus increased tumor growth and metastasis.

Discussion
Metastasis from the primary tumor to other sites is the 
most common cause of cancer-associated death, and this 
is primarily driven by tumor cells circulating in the 
blood.30 The presence of CTCs in the peripheral blood 
may be assessed using a “liquid biopsy” approach, and 
thus, the study of CTCs has gained increasing attention in 
the field of cancer research. CTC molecular characteriza-
tion offers the unique potential to improve our under-
standing of the biology of metastasis and resistance to 
established therapies, and analysis of these cells is 
a promising field for improving the current understanding 
of both advanced and early stage cancer. CTCs can be 
isolated from blood in a non-invasive manner and may be 
used to assess patients over time, as these cells can pro-
vide a significant amount of information on the patient’s 
specific tumor biology and tumor cell dissemination.31 

CTC enumeration has already proven useful in predicting 
the prognosis of patients with hepatocellular carcinoma,15 

colon32 and prostate cancer33 and cholangiocarcinoma.34 

However, CTC detection, enumeration and molecular 
characterization are extremely challenging, as CTCs are 
very rare, and the amount of available sample can be 
limiting.

Table 3 Univariate and Multivariate Cox Proportional Regression Analysis of Factors Associated with Recurrence

Variables Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Age, >50 years versus ≤50 0.64(0.35–1.17) 0.151 NA NA

Sex, male versus female 0.90(0.43–1.88) 0.786 NA NA
HBsAg, positive versus negative 0.65(0.32–1.31) 0.229 NA NA

Liver cirrhosis, yes versus no 1.07(0.57–2.03) 0.828 NA NA

Child-Puge score, B versus A 1.43(0.35–5.94) 0.618 NA NA
ALT, >75 U/L versus ≤75 U/L 1.58(0.81–3.07) 0.175 NA NA

AFP, >400 ng/mL versus ≤400 ng/mL 1.96(1.05–3.66) 0.034 1.27(0.59–2.75) 0.542

No. of tumors, multiple versus single 1.05(0.41–2.66) 0.923 NA NA
Tumor size, >5 cm versus ≤5 cm 0.90(0.47–1.69) 0.738 NA NA

Tumor encapsulation, none versus complete 2.25(1.21–4.16) 0.010 1.56(0.74–3.28) 0.243

Satellite lesion, yes versus no 4.04(2.10–7.77) < 0.001 1.33(0.56–3.16) 0.520
Vascular invasion, yes versus no 2.77(1.46–5.24) 0.002 1.93(0.96–3.88) 0.065

Edmondson stage, III–IV versus I–II 2.23(1.23–4.06) 0.008 NA NA

BCLC stage, B+C versus 0 + A 1.11(0.51–2.39) 0.792 NA NA
Preoperative CTC spheroid, >16 versus ≤16 10.15(4.97–20.73) < 0.001 7.46(2.90–19.21) <0.001
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HCC is a primary liver cancer that is very challenging 
to treat due to the complex etiology and management. 
Currently, some interesting and encouraging results have 
been achieved in HCC/CTC detection, although our 
knowledge regarding the clinical relevance of CTCs in 
HCC lags behind that of the other major types of 
tumor.35 The heterogeneous nature of HCC and the lack 
of appropriate biomarkers have hampered patient prog-
nosis and treatment stratification.36 A high degree of 

heterogeneity of CTCs, even amongst the same individual, 
has been observed when performing high-dimensional 
single CTC profiling, and by directly measuring gene 
expression in individual CTCs without the common prac-
tice of pooling such cells. However, several questions 
remain unanswered regarding the biology of CTCs, the 
optimal method to enumerate and characterize CTCs, and 
the path to regulatory and general clinical acceptance of 
technological platforms currently under development. 

Figure 4 Culture and identification of CTC spheroids from the HCC cell lines. (A) Typical images of CTC spheroids from four HCC cell lines after different periods of 
culture. (B) Identification of CTC spheroids from HCC cell lines using immunofluorescence analysis. 
Abbreviations: CTC, circulating tumor cell; HCC, hepatocellular carcinoma.
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Studies, including our previous and present study, have 
shown that there were vimentin-stained and/or CK-CTCs 
in patients with cancer.29,37,38 Since an unknown number 

of CTCs with an EMT phenotype may be missed by the 
current epithelial cell marker-based methods,39 the number 
of CTCs in cancer patients is probably considerably higher 

Figure 5 EpCAM/Wnt/β-catenin contributes to CTC spheroid formation and survival. (A) CTCs from HCC cell lines formed spheroids on day 7 in culture with or without 
EpCAM. (B) Growth of CTC spheroids was assessed using a colony formation assay. (C) EpCAM and β-catenin expression in spheroids from HCC cell lines was assessed by 
Western blotting. *P<0.05. 
Abbreviations: CTC, circulating tumor cell; HCC, hepatocellular carcinoma; EpCAM, epithelial cell adhesion molecule.
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than that reflected in clinical testing.40 Serving as a barrier 
to metastasis, cells normally undergo an apoptotic process 
termed “anoikis” a form of cell death due to loss of contact 
with the extracellular matrix or neighboring cells.41 

Although thousands of tumor cells disseminate into the 
circulation, only a small population survives migration to 
establish secondary colonies.14,21,22 Due to the heteroge-
neity of tumor cells, apoptosis caused by anchorage- 

Figure 6 Spheroids derived from EpCAM positive HCC cells exhibit increased tumorigenesis and are more likely to metastasize to the lungs in vivo. (A) Spheroids derived 
from Huh7, EpCAM-positive Huh7 and EpCAM-negative Huh7 (cultured for 7 days) were subcutaneously injected in mice to establish a HCC xenograft model. n=6 mice per 
group. (B and C) Tumor volume and weight was measured regularly. (D) Immunohistochemistry analysis was used to detect the expression of Ki67, EpCAM and β-catenin in 
tumor tissues in the HCC xenograft model. (E) Morphology of metastases to the lungs and H&E staining of metastatic nodules in the lungs of nude mice 6 weeks after tail 
vein injection with spheroids derived from Huh7, EpCAM-positive Huh7 and EpCAM-negative Huh7 (cultured for 7 days). Number of metastatic nodules in the lungs of each 
mouse were counted and analyzed. n=5 mice per group. *P<0.05. 
Abbreviations: HCC, hepatocellular carcinoma; EpCAM, epithelial cell adhesion molecule.
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dependent anoikis and circulating shear forces, simple 
enumeration of CTC to evaluate prognostic potential is 
considered controversial.

Aggregates containing two or more CTCs (also known 
as circulating tumor microemboli) (CTC clusters; herein, 
CTC spheroids) have been known for decades to seed 
colonies with greater efficiency than individual CTCs.42 

Recent data suggest that CTC clusters may possess a 50x 
greater metastatic potential than individual CTCs.43 The 
greater colonization efficiency of CTC clusters may be due 
to a number of factors, including protection against 
anoikis.44 The spheroid-forming cells from primary 
tumors, such as breast cancer and ovarian cancer, showed 
stem-like properties and expressed their CSC markers.45,46 

It is generally accepted that, similar to all stem cells, the 
tumor spheroid-forming cells are capable of proliferation, 
self-renewal and possess higher tumorigenicity. Beyond 
their role in metastasis, CTC spheroids may also serve as 
biomarkers for early detection,47 as prognostic 
markers,44,45 and may be used to noninvasively track 
changes in drug susceptibility in patients undergoing 
treatment.25

In the present study, spheroids formed from the CTCs in 
blood samples of patients with HCC were cultivated and 
enumerated using a 3D cell culture system. The 3D tumor 
cell culture model takes advantage of cell-to-cell commu-
nication, cell-to-matrix adhesion and more accurately repli-
cates the physical characteristics of tumors, and thus better 
recreates the in vivo microenvironment and tumor biology.13 

CTC spheroid enumeration can be used to more precise 
predict short-term recurrence of HCC in patients compared 
with conventional CTC enumeration. Further studies have 
shown that EpCAM may serve as key regulator of CTC 
spheroid-formation and survival by activating the Wnt/β- 
catenin signaling pathway. EpCAM is a transmembrane gly-
coprotein that functions as a homophilic Ca2+-independent 
adhesion molecule expressed in almost all types of carcino-
mas. Recent studies suggested that EpCAM is upregulated 
in the majority of human epithelial carcinomas and its 
expression is correlated with de-differentiation and malig-
nant proliferation of epithelial cells.48–50 In addition, 
EpCAM is used as a cancer stem cell marker, promoting 
tumor cell survival, proliferation and migration to establish 
secondary colonies by maintaining stem cell-like properties 
of HCC cells.51,52 The results of the present study showed 
that EpCAM and β-catenin were expressed in spheroids 
derived from HCC cells, and this was consistent with spher-
oids derived from HCC CTCs. The in vivo data also 

demonstrated that spheroids derived from EpCAM-positive 
HCC cells exhibited improved survival and proliferation, 
and consequently promoted tumor growth and metastasis. 
Upregulation of β-catenin and EpCAM expression was 
observed in the spheroids from HCC patients. Similar results 
were obtained in spheroids from HCC cell lines. 
Knockdown of EpCAM suppressed spheroid formation, 
survival and proliferation, and this was accompanied by 
a decrease in the expression of β-catenin. β-catenin is 
a key component of intercellular junctions and serves an 
essential role in the Wnt signaling pathway, its variable 
expression levels within primary tumors raise the possibility 
that it may demarcate tightly adherent groups of cells that 
may serve as precursors to CTC spheroids. EpCAM and 
Wnt/β-catenin act as part of the same signaling pathway. 
Wnt/β-catenin signaling serves a pivotal role in embryogen-
esis and the maintenance of stem cell growth,53 and it is 
activated during liver development/regeneration.54,55 

EpCAM and Wnt/β-catenin signaling are connected, and 
both serve a role in the maintenance of hepatic cancer 
stem cells.56 The results of the present study showed that 
CTCs/HCC cells expressing EpCAM exhibited an improved 
ability to form spheroids in vitro and in vivo, and the Wnt/β- 
catenin signaling pathway participated in cell aggregation 
and the maintenance of stem cell growth.

In summary, the present study demonstrated that 
CTC spheroid enumeration could more precisely predict 
the prognosis of patients with HCC compared with 
conventional CTC enumeration. EpCAM may serve 
a key role in the formation and survival of CTC spher-
oids, and it was dependent on the Wnt/β-catenin signal-
ing pathway. These data demonstrate that the model 
used in the present study may serve as a novel tool for 
predicting prognosis and anti-tumor drug screening, pro-
viding new insights into personalized therapy for 
patients with HCC.
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