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Abstract. NY-ESO-1 belongs to the cancer testis antigens 
(CTA) family, and is identified in a variety of tumors. Certain 
studies have demonstrated that NY-ESO-1 predicts tumor 
recurrence and treatment response. No reports are currently 
available regarding the correlation between NY-ESO-1 and 
the recurrence of hepatocellular carcinoma (HCC) following 
surgery. The purpose of the present study was to evaluate 
the association between NY-ESO-1 and relapse of HCC and 
to explore the possible mechanisms for this correlation. A 
total of 120 HCC patients were analyzed for the expression 
of NY-ESO-1 by immunohistochemistry (IHC). A stable 
NY-ESO-1 over-expressed HepG2 cell line (ESO-HepG2) was 
established to determine the biological effects of NY-ESO-1 
on cell proliferation, cell cycle and migration by using the 
xCELLigence DP system, flow cytometry and xCELLigence 
SP system. NY-ESO-1 was positive in 28 of 120 (23.3%) 
HCC tumor tissues. NY-ESO-1 was not detectable in adjacent 
normal liver tissues. A close correlation was found between 
NY-ESO-1 expression and the recurrence of HCC following 
surgery (P=0.007). Kaplan-Meier analysis showed a shorter 
recurrence-free survival (RFS) for patients positive for 
NY-ESO-1 (log-rank test, P=0.003). The Cox regression model 
demonstrated that NY-ESO-1 expression was a significant 
independent predictor for the recurrence of HCC following 
curative surgery (P=0.022). Compared with HepG2 cells, 
ESO-HepG2 cells have increased migration but not prolifera-
tion ability. In conclusion, NY-ESO-1 expression is associated 
with worse HCC outcome following surgery, and the mecha-
nism for this finding may be that NY-ESO-1 increases tumor 
cell migration.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
cancer in the world and one of the most prevalent malignancies 
in Asia (1). Current curative treatment options include surgical 
resection and liver transplantation. Liver transplantation is 
effective only in the early stages of disease. Surgery is possible 
in few patients and curative in only a small percentage, due 
to recurrence following the surgery  (2). Besides exploring 
effective therapeutic methods, investigators are attempting to 
find biomarkers to predict tumor recurrence. The NY-ESO-1 
antigen was originally found in esophageal cancer by sero-
logical recombinant cDNA expression cloning (SEREX) 
and belongs to the cancer/testis antigen (CTA) family  (3). 
NY-ESO-1 expression is restricted to testicular germ cells in 
normal adult tissues and is found in numerous malignancies 
including malignant melanoma, hepatoma, breast and lung 
cancer. The NY-ESO-1 protein is known to be markedly 
immunogenic for numerous advanced and metastatic types of 
cancer (4,5). NY-ESO-1 is a potential biomarker for the predic-
tion of tumor recurrence and treatment outcomes in a variety 
of tumors, including gastrointestinal stromal tumors  (6) and 
cutaneous melanoma (7).

Although a number of studies showed inconsistently that 
NY-ESO-1 is positive in certain HCCs  (8-16), two studies 
have demonstrated that NY-ESO-1 correlates with the metas-
tasis of HCC (11,12). However, the role of NY-ESO-1 in the 
prognosis of HCC following surgery remains unclear. The 
present study used immunohistochemistry (IHC) to evaluate 
the NY-ESO-1 expression in tissues from 120 HCC patients, 
the correlation between the patients' clinical parameters and 
recurrence‑free survival (RFS). In addition, an NY-ESO-1 
overexpressing cell line was used to explore the effect of 
NY-ESO-1 on cell behavior.

Materials and methods

Patients and specimens. Between August 2004 and March 
2008, 120 consecutive patients who underwent curative resec-
tion or liver transplantation with no microscopic evidence of 
residual tumor were included in this study. All 120 patients 
had histologically proven HCC. The inclusion criteria for the 
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study were: i) the absence of extrahepatic metastasis; ii) cura-
tive resection defined as histological evidence of the complete 
removal of HCC tumors; and iii) no additional therapies or 
multi-modality treatment for HCC until the development of 
recurrence. Patients diagnosed with a mixed tumor containing 
HCC and cholangiocarcinoma components were excluded 
from the study. 

Follow‑up. Patients were regularly followed up at the outpa-
tient clinic (every 1‑3 months). The endpoint was recurrence 
or November 30, 2009. The clinical profiles were age, gender, 
HBsAg, Child-Pugh classification, surgery (liver transplanta-
tion and curative resection), primary HCC lesion [timing of 
diagnosis, size, number, gross major vessel invasion (portal 
vein), tumor distribution and histological differentiation], and 
tumor relapse (time). The study conformed to the tenets of the 
Declaration of Helsinki and informed consent was obtained 
from all patients prior to the study. 

Assessment. Patients were monitored by serum α-fetoprotein 
(AFP), abdomen ultrasound and chest X-ray every 1 to 6 
months, according to the postoperative time. Tumor recur-
rences were confirmed by computed tomography (CT), and, 
if necessary, magnetic resonance imaging (MRI). RFS was 
calculated from the date of surgery until the date of recurrence.

Immunohistochemistry (IHC). Tumor samples were 
retrieved from the archives of the Department of Pathology 
at YouAn Hospital, Beijing, China. Serial formalin-fixed, 
paraffin‑embedded tumor samples were deparaffinized in 
xylene and rehydrated in a series of graded alcohols and 
distilled water. Endogenous peroxidase activity was quenched 
by 3% H2O2. Prior to immunostaining, sections were incubated 
for 12 min in citrate buffer (pH 6.0) in a microwave oven at 
99˚C to enhance the immunoreactivity. Following blocking, 
the sections were incubated at 4˚C overnight with mouse 
monoclonal NY-ESO-1 antibody (E978 clone; Invitrogen, 
Carlsbad, CA, USA). Detection was carried out using the 
streptavidin-biotin‑peroxidase method with a PV-9000 kit 
according to the manufacturer's instructions. The DAB system 
was employed as a chromogen. Normal adult testis with intact 
spermatogenesis served as positive controls. Slides were coun-
terstained with hematoxylin and mounted. Normal liver tissues 
served as negative controls. Immunoreactivity of tumor cells 
was graded based on the amount of immunopositive tumor 
cells as follows: +++, >67% of cells stained; ++, 33-67%; +, 
5-33%; focal <5% and -, no staining cells. Focal staining was 
also considered as negative.

Cell line and construction of NY-ESO-1-expressing plasmid. 
To determine the role of NY-ESO-1 in HCC, we established 
stably transfected NY-ESO-1-overexpressing HepG2 cells 
(ESO-HepG2) and evaluated their proliferation and migra-
tion behaviors. Briefly, HepG2 (HCC) cells were obtained 
from the American Type Culture Collection and cultured in 
DMEM supplemented with antibiotics/antimycotics and 10% 
fetal bovine serum (FBS). The NY-ESO-1 cDNA encoding 
NY-ESO-1 was amplified by PCR from mRNA and subcloned 
into a pcDNA3.1 expression vector (Invitrogen) to form 
plasmid‑designated pcDNA3.1‑ESO.

Transfection and selection of stably transfected ESO-HepG2 
cells. Subconfluent HepG2 cells (70-80%) were trans-
fected with 2  µg of pcDNA3.1-ESO and pcDNA3.1 using 
Lipofectamine 2000 (Invitrogen) according to the manu-
facturer's instructions. For stable transfection, the cells 
were exposed to 400 µg/ml G418 (Invitrogen) after 1 day of 
transfection. Four weeks later, the cells were plated at a lower 
density in DMEM with 250  µg/ml G418 and 10% FBS in 
96-well plates until a single colony was formed. Single cloned 
cells designated as ESO-HepG2 cells were isolated and 
grown. RT-PCR was used to test NY-ESO-1 expression.

Cell cycle and proliferation analysis. Cells were diluted and 
seeded at 6x105/ml, 1x105/ml and 2.5x104/ml in ACEA's x96 
microtiter plates in 100 µl of culture medium. Cell proliferation 
was continuously monitored every 15 min using the xCELLi-
gence for a period of 24-72 h via calculation of a ‘cell index̓ 
(to reflect the surface area covered by the cells) for each plate 
(Roche, Indianapolis, IN, USA)  (17). Following synchroniza-
tion, cells were collected, fixed and stained with propidium 
iodide. The cell cycle distribution was determined using a BD 
FACSCalibur flow cytometer and Cell Quest software.

Cell migration assay. Cells were seeded at 6x105/ml in 100 µl 
of serum-free medium in the upper chamber with an 8  µm 
pore size, and the lower chamber contained 10% serum. Cell 
migration was continuously monitored every 15 min using the 
xCELLigence for a period of 24 h via calculation of a ‘cell 
index̓ (to reflect the surface area covered by the cells) for 
each plate (Roche).

Statistical analysis. The χ2 test (including Fisher's exact test) and 
independent sample t-test were employed for comparison between 
groups. A RFS curve was plotted using the Kaplan‑Meier 
method. A statistical comparison of the RFS was performed 
using the log-rank test. A multivariate analysis using the Cox 
proportional hazard model was used to identify the independent 
risk factors for tumor recurrence. P<0.05 was considered to be 
statistically significant. SPSS 11.5 was used for all analyses.

Results

Baseline characteristics of the patients. Of the 120 HCC 
patients, 79 were successfully followed up, 21 refused to 
cooperate and 20 were lost to follow-up. The median follow-up 
period was 19 months (range 1.0‑61.0). Given the possibility 
of selection bias, we compared the baseline characteristics of 
the 79 and 41 cases, as shown in Table I. No significant differ-
ence was found in any of the indices, such as age, gender, HBV 
infection, serum AFP, Child-Pugh Score and the pathologic 
parameters including tumor size and number, portal vein 
thrombosis and histological differentiation. Thus, the data from 
the 79 patients represent the entire cohort. Of the 79 patients, 
11 succumbed to other diseases. As there was no evidence of 
tumor relapse, these patients were also included in the analysis.

NY-ESO-1 expression in HCCs. NY-ESO-1 staining was posi-
tive in the testis epithelial cells (Fig. 1A), but not in normal 
liver tissue (Fig. 1B). A total of 28 out of 120 HCC specimens 
were positive (23.3%). Among them, one was graded as 
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+++, 7 as ++ and 20 as + (Fig.  1C and D). NY-ESO-1 was 
located predominantly in the cytoplasm (Fig.  1C), although 
the nucleus was also stained in a few cases (Fig. 1D). Notably, 
even in the same specimen, certain areas were positive, 
whereas other areas were negative. No staining was observed 
in the tissue adjacent to HCC.

Correlation between NY-ESO-1 expression and recurrence 
in HCC. In 13 out of 38 tumor recurrence patients NY-ESO-1 

was found to be positive (34.2%, Table  II), whereas in 2 of 
30 non-recurrence cases NY-ESO-1 was positive (6.7%). The 
difference was statistically significant (P=0.007). Of the 
68 patients who completed follow‑up, the median RFS was 
19  months. Regarding NY-ESO-1-positive patients, it was 
found that in 73.3% of them the RFS was <19 months, and in 
26.7% it was ≥19 months. On the other hand, in the NY-ESO-
1-negative patients, 41.5% had an RFS <19 months, while in 
58.5% it was ≥19 months (p=0.027) 

Using the Kaplan-Meier method, we observed that the 
median RFS was 12 months in NY-ESO-1-positive patients, 
whereas in NY-ESO-1-negative patients the RFS was estimated 
to be 40-50 months (the endpoint blocked the continuation of 
the follow‑up, log-rank test, P=0.003, Fig. 2).

Various clinicopathological parameters were also evalu-
ated for their association with HCC recurrence (Table II). A 
total of 63.2% patients who were NY-ESO-1-positive relapsed 
following liver transplantation compared with 36.8% of those 
who were NY-ESO-1-negative (χ2 test, P =0.033). The total 
recurrence rate in NY-ESO-1-positive patients was 86.2%, 
while this rate was 38.1% in NY-ESO-1-negative cases 
(P=0.002). Additionally, 36.4% of NY-ESO-1-positive cases 
were well-differentiated, whereas in NY-ESO-1-negative 
cases this rate was 65.6% (χ2 test, P=0.040). Other param-
eters, such as age, gender, HBV infection, serum AFP, tumor 
size and number and portal vein thrombosis had no role in 
prognosis.

Multivariate analysis demonstrated that the type of 
surgery (P<0.001) and NY-ESO-1 expression (P=0.022) were 
independent predictors for the recurrence of HCC following 
curative surgery (Table III). When using the forward method 
and backward method, we found the same results.

Table I. The baseline characteristics of 79 cases with follow-up and 41 cases without follow-up.

	 120 cases
---------------------------------------------------------------------------------

Clinical parameters	 79 cases (%)	 41 cases (%)	 χ2	 P-value

NY-ESO-1 expression (positive) 	 19.0	 31.7	 2.441	 0.118
Gender (male) 	 82.3	 78.0	 0.312	 0.557
Age <52 years 	 45.6	 41.5	 0.185	 0.667
Tumor size ≥5 cm 	 51.9	 56.1	 0.191	 0.662
Tumor number (120) multinodular 	 40.5	 34.1	 0.462	 0.497
Portal vein thrombosis (with)	 24.4	 36.6	 1.968	 0.161
Abnormal serum AFP	 78.1	 84.2	 0.591	 0.442
Transplantation surgery	 58.2	 56.1	 0.050	 0.823
HBsAg-positive 	 75.0	 71.8	 0.137	 0.711
Child-Pugh Score			   0.072	 0.964
  A	 61.4	 60.7		
  B	 12.3	 14.3		
  C	 26.3	 25.0		
Histological differentiation			   1.990	 0.370
  Well 	 52.8	 53.8		
  Moderately 	 30.6	 38.5			 
  Low 	 16.6	 7.7		

Figure 1. Immunohistological staining with monoclonal antibody E978 to 
NY-ESO-1. (A) NY-ESO-1 antigen expression in the testis epithelial cells 
(10x20) as a positive control and (B) normal liver tissue (10x10) as a negative 
control. (C) Cytoplasmic staining of tumor cells from one patient (10x10) 
and (D) heterogeneous cytoplasmic and nuclear staining of tumor cells from 
one patient (10x10).
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NY-ESO-1 modulates the migration but not proliferation of 
HepG2 cells. The cell growth curves of HepG2 cells were 
comparable to those of ESO-HepG2 cells even when cells 
were seeded to the E-plate with three different densities 
(Fig. 3A-C). Flow cytometry showed that the cell cycle distri-
butions of these cells were similar (Fig.  3D). ESO-HepG2 
cells migrated more compared with HepG2 cells (P=0.002, 
Fig. 3E).

Discussion

To the best of our knowledge, the present study is the first 
to demonstrate that NY-ESO-1 is an independent prognostic 
factor in HCC, and that the mechanism may involve the 
enhancement of cancer cell migration.

NY-ESO-1 belongs to the CTA family. It was found in a 
variety of malignant tumors, such as melanoma, prostate, 
breast and lung cancer. Furthermore, NY-ESO-1 is demon-
strated to be a prognostic marker in certain tumors, including 
malignant melanoma and gastrointestinal tumors. However, 
the correlation between NY-ESO-1 and HCC remains unclear. 
Previous studies showed that the NY-ESO-1-positive rate 
is from 0-43.9% in HCC patients  (8-16). Certain studies 
demonstrated that NY-ESO-1 enhanced metastasis in HCC. 
However, the mechanism remains unclear. There is no 
detailed study on the predictive value of NY-ESO-1 on HCC 
recurrence. The present study found that the NY-ESO-1-
positive rate in this cohort is 23.3%. NY-ESO-1 is a promising 
antigen for HCC-specific immunotherapy given that it is the 
most immunogenic CT antigen identified thus far and induces 
tumor-specific humoral and cellular immune responses to 
NY-ESO-1 in HCC (10). Although international clinical trials 
of NY-ESO-1 protein vaccine therapy for multiple types 
of cancer including malignant melanoma, non small cell 
lung, ovarian, breast and bladder cancer were conduted, the 
potential immunotherapy in HCC remains to be evaluated. 
Understanding the NY-ESO-1 protein expression in HCC is 
the first step. The finding that NY-ESO-1 is expressed with 
relatively high frequency in HCC patients may be of clinical 
significance. 

Figure 2. Recurrence-free survival (RFS) according to the NY-ESO-1 
immunohistochemistry reaction (Kaplan-Meier method). RFS in HCC 
patients negative for NY-ESO-1 expression (n=53) and in HCC patients posi-
tive for NY-ESO-1 expression (n=15). Log-rank test, P=0.003.

Table II. Univariate analysis of factors affecting recurrence of HCC.

Recurrence (68 cases)
--------------------------------------------------------------------

Clinical parameters	 30 cases	 38 cases	 χ2	 P-value
		  No (%)	 Yes (%)		

NY-ESO-1 expression (positive) 	 6.7	 34.2	 7.398	 0.007
Gender (male) 	 73.3	 86.8	 1.979	 0.160
Age <52 years 	 60.0	 52.6	 0.369	 0.543
Tumor size ≥5 cm 	 53.3	 55.3	 0.025	 0.874
Tumor number (120) multinodular 	 36.7	 36.8	 0.000	 0.988
Portal vein thrombosis (with)	 24.1	 21.1	 0.090	 0.764
Abnormal serum AFP	 73.1	 83.8	 1.069	 0.301
Transplantation surgery	 36.8	 63.2	 10.719	 0.001
HBsAg-positive 	 72.4	 80.6	 0.600	 0.439
Child-Pugh Score			   12.600	 0.002
  A	 38.1	 86.2		
  B	 19.0	 3.4		
  C	 42.9	 10.4		
Histological differentiation			   6.440	 0.040
  Well 	 65.6	 36.4		
  Moderately 	 17.2	 45.5		
  Low	 17.2	 18.2		
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Besides the positive rates, we have two new findings: one 
is that NY-ESO-1 is a prognostic marker in HCC. NY-ESO-
1-positive patients are 7.28 (odds ratio) times more likely to  
relapse compared with NY-ESO-1-negative cases following 
surgery. It appears that the higher the NY-ESO-1 expres-
sion, the more likely the recurrence. Another finding is that 
NY-ESO-1-positive patients have a shorter RFS than that of 
NY-ESO-1-negative patients. Our data are consistent with 
those of Perez et  al in gastrointestinal stromal tumors  (18). 
Univariate and multivariate analysis clearly indicated that 
patients with NY-ESO-1-positive tumors have a shorter RFS, 
which is in accordance with the results of the majority of the 
previous studies showing that NY-ESO-1 expression may be 
a biomarker of poor prognosis in numerous types of cancer. 
For example, the expression of NY-ESO-1 protein has been 

reported to be correlated with the metastasis of HCC (12). In 
non-small cell lung cancer, NY-ESO-1 expression significantly 
increased with the advancement of disease stage in the TNM 
classification, particularly that related to lymph node metas-
tasis (19). In addition, NY-ESO-1 is more frequently expressed 
in metastatic than in primary malignant melanoma and its 
expression is associated with advanced stage  (20). The point 
to be considered is the manner in which NY-ESO-1 increases 
tumor recurrence and reduces RFS. Two ways in which this 
can be achieved are possible: one is that NY-ESO-1 enhances 
tumor cell migration and, therefore, metastasis; another is that 
NY-ESO-1 stimulates tumor cell growth. Zhou et al found that 
the larger the HCC, the higher the NY-ESO-1 expression (21). 
Other authors found no correlation between NY-ESO-1 
expression and HCC size  (11,12). To clarify the mechanism 

Figure 3. Proliferation curve, cell cycle distribution and migration curve of HepG2 and ESO-HepG2 cells. (A) Dynamic monitoring (Voltage 2.5 K) of 
in vitro cell proliferation using the xCELLigence SP system showed a similar proliferation rate of ESO-HepG2 (HepG2 cells over-expressed with NY-ESO-1) 
and control HepG2 cells (three different cell densities were seeded to the E-plate); (B) Dynamic monitoring (Voltage 10 K); (C) Dynamic monitoring 
(Voltage  60K); and (D) DNA content of HepG2 and ESO-HepG2 cell lines using flow cytometry. (E) Dynamic monitoring (Voltage 60 K) of in vitro cell 
migration using the xCELLigence DP system showed a higher migration rate of ESO-HepG2 compared with control HepG2 cells. SF_ HepG2, serum-free 
HepG2; SF_ ESO-HepG2, serum-free ESO-HepG2.

  A

  B

  C

  D

  E

Table III. Multivariate analysis of factors affecting recurrence of HCC.

Clinical parameters	 B	 HR (95% CI)	 P-value

NY-ESO-1 (positive vs. negative)	 0.980	 2.664 (1.150-6.169)	 0.022
Surgery (resection vs. transplantation)	 2.256	 9.549 (3.214-28.370)	 <0.001
Age	 -0.052	 0.938 (0.898-0.980)	 0.004

HR, hazard ratio; CI, confidence interval.
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of NY-ESO-1 and HCC behavior, we transfected HepG2 
cells with pcDNA3.1‑ESO. We found that over-expression of 
NY-ESO-1 enhanced cell migration, but not proliferation.

In conclusion, the present study confirmed NY-ESO-1 
expression in a certain number of HCC patients, and showed 
that NY-ESO-1 is a promising target for immunotherapy based 
on its relatively high frequency expression in HCC. NY-ESO-1 
may be a potential biomarker for early recurrence and, there-
fore, a shorter RFS following surgery. Moreover, NY-ESO-1 
enhanced tumor cell migration and, therefore, metastasis.
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