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Abstract. XAGE‑1b is a 470 bp transcript of the XAGE‑1 
gene, which belongs to the cancer-testis antigens that exhibit 
a restricted pattern of expression in normal tissues. Recently, 
the expression of XAGE‑1b has been shown to be frequent in 
patients with hepatocellular carcinoma (HCC). However, the 
underlying mechanism is not fully understood. To investigate 
the role of XAGE‑1b in HCC diagnosis and postoperative eval-
uation, the expression level of XAGE‑1b was first examined in 
the tissue and peripheral blood of HCC patients and controls 
by using quantitative polymerase chain reaction. Subsequently, 
the associations between XAGE‑1b and the clinical variables 
were assessed using χ2 or Kaplan-Meier tests. The data showed 
that HCC tissues had increased XAGE‑1b expression when 
compared to paired non-tumorous tissues. The blood samples 
from the HCC patients showed upregulated XAGE‑1b mRNA, 
as compared to non-HCC patients. The patients with portal 
vein tumor thrombus or higher tumor-node metastasis stages 
(II~IV) were more likely to have increased levels of XAGE‑1b 
mRNA. Furthermore, the 1-year recurrence rate of the patients 
with a high level of XAGE‑1b mRNA was significantly greater 
compared to the patients with a low level. All these findings 
indicate that XAGE‑1b is associated with the aggressive 
biological behavior of HCC cells and it may be a potential 
biomarker for HCC diagnosis and prognosis.

Introduction

Hepatocellular carcinoma (HCC) is one of the most frequent 
malignancies worldwide and is the second leading cause of 
cancer-related fatalities in China (1,2). Resection or liver trans-
plantation are the optimal treatments for a potential cure (3). 
Although advances in early diagnosis, surgical techniques, 
imaging modalities and perioperative management have 
improved the long-term survival rate in certain patients, the 
high incidence of intrahepatic and/or extrahepatic recurrence 
postoperatively remains a major challenge in HCC therapy (4). 
Therefore, it is of great importance to expand the current 
knowledge of novel diagnostic biomarkers for early diagnosis 
or evaluation of metastatic potentials.

A category of tumor-associated antigens, known as 
cancer-testis (CT) antigens, has recently been proposed 
as a new cluster of liver tumor biomarkers as members of 
the CT antigens have been shown to aid in screening and 
evaluating HCC (5). CT antigens have an expression pattern 
that is predominantly restricted to testis in normal tissues, 
however, they are expressed in numerous types of cancers, 
including melanomas, lung tumors, bladder carcinomas 
and liver cancers (6). The present collection of CT antigens 
contains 44 distinct CT-antigen families, a number of which 
have multiple members, including melanoma-associated 
antigen (MAGEA), prostate associated gene (PAGE) and G 
antigen (GAGE) (7). In HCC patients, a number of CT antigens 
have been found to be expressed with a high percentage and 
specificity in tumor tissue or peripheral blood. MAGE‑1, syno-
vial sarcoma X-1 (SSX-1), CTp11 and HCA587 were detectable 
in >50% HCC tissue samples and ~90% of HCC tissues posi-
tively expressed at least one member of the CT antigens (8). 
Additionally, MAGE-1, SSX-1 and CTp11 were also detectable 
in ~30% peripheral blood samples from HCC patients (8). 
Furthermore, SSX-2, SSX-5, NY-ESO-1 and MAGE-C2 were 
also frequently expressed in HCC samples (9-11).

Despite the growing evidence for a link between CT 
antigens and HCC, the role of the XAGE family remains 
poorly defined. XAGE was identified by ‘homology walking’ 
using the PAGE4 sequence. Similar to the majority of the CT 
antigen family members, the XAGE‑1 gene is located on the 
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X-chromosome, and it is highly expressed in germ cells and 
frequently expressed in several cancers, including Ewing's 
sarcoma, rhabdomyosarcoma, breast cancer and germ cell 
tumor (12). XAGE‑1b, a 470 bp transcript of the XAGE‑1 
gene, was first isolated from melanoma metastases. There 
are four alternative splicing variants, XAGE‑1a, b, c and d, 
and of these XAGE‑1b mRNA is dominantly expressed in 
cancer (13). The open reading frame of this variant encodes 
a protein of 81 amino acids (14). Previous studies have shown 
that XAGE‑1b is frequently expressed in acute leukemia, lung 
cancer, gastric cancer and HCC tissues (13,15). These studies 
indicate that a high-level of XAGE‑1b expression may confer 
significant biological potential. However, the biological func-
tion of XAGE‑1b in these tumors remains poorly understood.

In the present study, the correlation was evaluated 
between the expression of XAGE‑1b and the clinical 
parameters, including age, gender, tumor size, tumor-node 
metastasis (TNM) staging and serum α-fetoprotein (AFP) 
level. Subsequently, the association of the serum XAGE‑1b 
mRNA level with regards to the HCC diagnosis was assessed.

Materials and methods

Patients and specimens. Fifty-nine HCC and adjacent normal 
liver tissue specimens were surgically obtained from patients at 
the Eastern Hepatobiliary Surgery Hospital, Second Military 
Medical University (Shanghai, China). Peripheral blood 
was obtained from 108 HCC patients, 34 benign liver tumor 
patients, 23 liver cirrhosis patients and 45 healthy donors. 
Postoperative sera samples were collected from 39 patients 
after 1, 7 and 30 days. The clinical staging of tumors was 
determined according to the TNM staging systems. The histo-
logical grade of tumor differentiation was assigned using the 
Edmondson-Steiner grading system (16). Informed consent 
was obtained from each patient for the use of liver specimens 
and sera in the study. The study was approved by the Ethics 
Committee of the Second Military Medical University.

RNA extraction and quantitative polymerase chain reaction 
(qPCR). Tissues from cancer and normal liver samples were 
obtained during the surgery. All the tissue samples were 
snap-frozen in liquid nitrogen within 30 min and stored at 
‑80˚C. The tissue sample RNAs were isolated using TRIzol 
reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) 
and peripheral blood sample RNAs were isolated by QIAamp 
RNA Blood Mini kits (Qiagen, Hilden, Germany). A total of 
2 µg total RNA was synthesized into complementary DNA 
(cDNA) with random primers following the manufacturer's 
instructions (Fermantas, Vilnius, Lithuania). qPCR was 
performed using a standard TaqMan PCR kit according to the 
manufacturer's instructions (Stratagene, La Jolla, CA, USA). 
The relative expression levels of XAGE‑1b mRNA were 
compared to the levels of the reference gene [glyceraldehyde 
3-phosphate dehydrogenase (GAPDH)] by the comparative 
cycle threshold method: Fold difference = 2-(ΔΔCt). The primers 
used were GAPDH-forward, 5'-GGGCTGCTTTTAACT 
CTGGTAAAG-3' and GAPDH-reverse, 5'-CCATGG 
GTGGAATCATATTGG-3';  probe, FAM-CCTCAA 
CTACATGGTTTAC-MGB; XAGE‑1b-forward, 5'-GCT 
GAAAGTCGGGATCCTACA-3' and XAGE‑1b-reverse, 

5'-CTTCCATGTCGCGCACTG-3'; and probe, TET-CTG 
GGCAGCAGACAG-MGB. To analyze the XAGE‑1b mRNA 
expression, the recombinant pAdTrack-1b vector containing 
XAGE‑1b or the T-GAPDH vector containing reference gene 
GAPDH cDNA were constructed by PCR cloning and were 
used as standard samples. The expression levels of XAGE‑1b 
mRNA were calculated by dividing the copy number of 
GAPDH mRNA by that of GAPDH mRNA.

Follow‑up. The patients were assessed every 2-3 months 
during the 3 years. The diagnostic criteria for HCC recurrence 
were the same as for preoperative criteria. Among the 59 HCC 
patients, 18 patients succumbed or had HCC recurrence within 
6 months after the surgery. These patients were not included in 
the follow-up study.

Statistical analysis. All the statistical analyses were performed 
with SPSS version 10.0 software (SPSS, Inc., Chicago, IL, 
USA). The χ2 test was used to analyze the correlation between 
the XAGE‑1b expression in the HCC tissue samples and clini-
copathological variables. The associations with the continuous 
variables were tested using the Wilcoxon rank-sum test. 
Kaplan-Meier analysis was used to determine the correlation 
between recurrence and XAGE‑1b expression. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Dysregulation of XAGE‑1b expression in human HCC tissues. 
To evaluate the potential role of XAGE‑1b in human HCC, 
the mRNA expression level of XAGE‑1b was first examined 
in specimens of tumor and non-tumorous hepatic tissues of 
59 HCC patients. As shown in Table I, the 59 patients were cate-
gorized into two groups based on the mRNA expression levels 
of XAGE‑1b: Upregulation (known as positive) (38/59, 64.4%) 
and downregulation (21/59, 35.6%) in HCC tissues (known 
as negative), indicating that XAGE‑1b is frequently upregu-
lated in HCC patients. The XAGE‑1b mRNA expression was 
also analyzed in 14 benign liver tumors, including five focal 
nodularhyperplasia, three hepatic angiomyolipoma, four 
hemangioma, one inflammatory pseudotumor and one liver 
cyst. None of the benign liver tumors exhibited XAGE‑1b 
upregulation. The elevated expression of XAGE‑1b was also 
observed in intrahepatic cholangiocarcinoma (2/6) and liver 
metastases from colorectal cancer tissues (1/6), whereas it was 
not observed in liver metastases from breast cancer and certain 
digestive system cancers, including gastric cancer, pancreatic 
cancer and gastric stromal tumor.

Association of XAGE‑1b expression with clinicopathological 
characteristics. The clinical features of the 59 HCC patients are 
summarized in Table I. The correlation between the XAGE‑1b 
expression level in HCC tissues and the clinicopathological 
characteristics was further assessed by the χ2 test. The data 
indicated that a high expression of XAGE‑1b was significantly 
correlated with portal vein tumor thrombus (PVTT) and TNM 
stage (P<0.05). The upregulated levels of XAGE‑1b mRNA 
were found in 77.4% of patients with PVTT and in 50% of 
patients without PVTT (Table I). Additionally, only 47.8% of 
patients in stage I exhibited XAGE‑1b upregulation, whereas 
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75% of patients in stage II~IV showed XAGE‑1b upregulation. 
Taken together, these results strongly indicate that XAGE‑1b 
may be involved in the invasive and metastatic features of 
HCC cells.

Association of XAGE‑1b expression with prognosis. Of 
the 59 patients, 18 succumbed or suffered from recurrent 
HCC within 6 months after the hepatectomy. The remaining 
41 patients were followed up and analyzed in the study. At the end 
of 1 year, recurrence was found in 13 patients. Approximately 
73.3% of patients with increased XAGE‑1b mRNA expression 
suffered from HCC recurrence, whereas only 28.6% of patients 
with decreased XAGE‑1b mRNA expression had recurrence 
(Table II). However, at the end of 3 years, the patients with 
increased XAGE‑1b mRNA expression had no significantly 

different recurrence rate compared to those with decreased 
XAGE‑1b expression (data not shown). This indicates that 
XAGE‑1b is a prognostic factor of early recurrence.

Table I. Association between XAGE‑1b and clinicopathological features.

Variable Positive, n (n=38) Negative, n (n=21) P‑value χ2 Note

Gender
  Male 33 15   
  Female   5   6 0.1445 2.1184 
Age, years
  <40   6   8 0.0609 3.5125 <40 vs. ≥40 and <60
  ≥40 and <60 25 10 0.9299 0.0077 ≥40 and <60 vs. ≥60
  ≥60   7   3 0.1883 1.7310 <40 vs. ≥60
Diameter, cm
  ≥5 21 19   
  <5 17 12 0.6138 0.2545 
Tumor number
  Single 27 16   
  Multiple 11   5 0.6708 0.1806 
Encapsulation
  Yes 10   4   
  No 28 17 0.5298 0.3948 
PVTT
  Yes 24   7   
  No 14 14 0.0281 4.8248 
Differentiation
  I-II   3   2   
  III-IV 35 19 0.8297 0.0463 
TNM
  I 11 12   
  II 15   4   
  III 10   5   
  IV   2   0 0.0335 4.5205 I vs. IV
Liver cirrhosis
  Yes 19 12   
  No 19   9 0.5988 0.2767 
HBsAg
  Positive 31 19   
  Negative   7   2 0.3627 0.8282 
AFP
  Positive 24 15   
  Negative 14   6 0.5205 0.4129 

PVTT, portal vein tumor thrombus; TNM, tumor-node metastasis; HBsAg, surface antigen of the hepatitis B virus; AFP, α-fetoprotein.

Table II. Association between XAGE‑1b mRNA and recur-
rence at 1 year.

 Positive, Negative,
HCC n (n=26) n (n=15) P-value χ2

Recurrence 11 2  
Non-recurrence   4 5 0.0467 3.9559

HCC, hepatocellular carcinoma.
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Serum XAGE‑1b expression in human HCC patients. Serum 
tumor markers have been widely studied in HCC diagnosis 
and prognosis (17-20). Thus, the serum XAGE‑1b levels and 
the associations of its expression with HCC diagnosis and 
prognosis were further analyzed. The serum XAGE‑1b mRNA 
levels were measured in 108 HCC patients, 34 benign liver 
tumor, 23 liver cirrhosis and 45 healthy controls. The XAGE‑1b 
mRNA expression was significantly higher in HCC patients 
compared to the other three groups (Table III), indicating that 
XAGE‑1b can be used as a serum biomarker for diagnosis 
of HCC. The combination of serum AFP and XAGE‑1b has 
a sensitivity rate of 91.7% in HCC diagnosis (Table IV). The 
dynamic change of the XAGE‑1b mRNA expression was 
investigated in the peripheral blood of 39 HCC patients prior 
and subsequent to hepatectomy. The data showed that serum 
XAGE‑1b was strongly reduced by the 7th and 30th day postop-
eration (Table V). Thus, serum XAGE‑1b mRNA is a potential 
serum tumor marker for HCC diagnosis and prognosis.

Discussion

XAGE-1 is a member of the CT antigen family that is predom-
inantly expressed in testis and is present in a wide range of 
cancers, including breast, prostate, lung, ovarian, melanoma 
and glioblastoma (6). In the present study, XAGE‑1b was shown 
to be frequently upregulated in HCC tissues as compared to 
paired non-tumorous tissues. The data are in accordance with 
a previous study that showed the high expression of XAGE‑1b 
had a high frequency in HCC but was undetectable in all 
the adjacent non-HCC tissues (21). A differential expression 
of XAGE‑1b mRNAs was also observed in human primary 

liver cancer, benign liver tumor and certain digestive system 
cancers. Notably, the serum XAGE‑1b mRNA is a more sensi-
tive marker for HCC when compared to serum AFP and its 
specificity is increased when combined with serum AFP. 
Those findings strongly indicate that XAGE‑1b is a potential 
diagnostic biomarker to differentiate HCC from chronic liver 
disease and benign liver tumors.

XAGE‑1b was shown to be a risk factor affecting PVTT, 
TNM staging and the 1-year recurrence. PVTT in HCC 
patients is a well-known major complication that is correlated 
with a poor prognosis (22). The patients with PVTT or higher 
TNM stages (II~IV) were found to be more likely to have 
increased XAGE‑1b mRNA levels. Additionally, the recur-
rence rates at 1 year in patients with XAGE‑1b overexpression 
and underexpression (73.3% and 28.6%, respectively) indicated 
that HCC recurrence is more likely to occur in patients with 
overexpressed XAGE‑1b. Thus, these findings strongly suggest 
that XAGE‑1b is associated with the aggressive biological 

Table V. Preoperative and postoperative serum XAGE‑1b mRNA levels in 39 hepatocellular carcinoma patients.

 XAGE‑1b levels Kruskal-Wallis test
Group P50 (P25, P75) x10-5 (χ2) Wilcoxon test (Z) P-value

Preoperative (i) 3.88 (1.42, 2.24)  (i) vs. (ii) -1.5918 0.1161
    (i) vs. (iii) -5.2588 <0.01
    (i) vs. (iv) -4.9533 <0.01
Postoperative (ii) (day 1) 2.67 (3.11, 6.23) 42.7301 (P<0.01) (ii) vs. (iii) 3.4704 <0.01
    (ii) vs. (iv) -3.7439 <0.01
Postoperative (iii) (day 7) 0.13 (0, 0.90)  (iii) vs. (iv) -1.1464 0.2516
Postoperative (iv) (day 30) 0 (0, 0.55)

Table III. Serum XAGE‑1b mRNA levels in hepatocellular carcinoma (HCC) and control patients.

 Patients, XAGE‑1b levels Kruskal-Wallis test Wilcoxon test 
Group n P50 (P25, P75) x10-5 (χ2) (Z) P-value

HCC (i) 108 3.80 (0.90, 12.6)  (i) vs. (ii) -6.8035 <0.01
     (i) vs. (iii) -4.3211 <0.01
     (i) vs. (iv) -7.7728 <0.01
Benign liver tumor (ii)   34 0 (0, 0) 97.6639 (P<0.01) (ii) vs. (iii) 2.4216 0.0155
     (ii) vs. (iv) -0.6930 0.4833
Liver cirrhosis (iii)   23 0 (0, 0.56)  (iii) vs. (iv) 2.2434 0.0249
Health control (iv)   45 0 (0, 0)   

Table IV. Sensitivity of AFP and XAGE‑1b as biomarkers for 
diagnosis in hepatocellular carcinoma patients.

   Positive
Biomarker Positive, n Negative, n rate, %

AFP 57 51 52.80
XAGE‑1b mRNA 86 22 79.60
AFP+XAGE‑1b mRNA 99   9 91.70

AFP, α-fetoprotein.
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behavior of HCC cells and may be an indicator of poor prog-
nosis. However, no differences were found between the two 
groups and the 3-year recurrence rate. The prognostic value 
appears limited due to the limited number of studied patients.

In addition to the diagnostic and prognostic value in HCC 
patients, the XAGE-1b protein is present in 1 hepatic sarcoma 
and 1 hepatic malignant fibrous histiocytoma (MFH) by immu-
nohistochemistry (data not shown). Presently, a biomarker that 
reliably detects these two tumors is not available. Therefore, 
studying XAGE-1b in patients with hepatic sarcoma or MFH 
in the near future is required.

In conclusion, the present study assessed the correla-
tion between the tissue or serum level of XAGE‑1b and the 
clinicopathological features, diagnosis and recurrence in HCC 
patients. XAGE‑1b was demonstrated to play a significant role 
in HCC cell proliferation. These results strongly indicate that 
XAGE‑1b expression in HCC is a potential biomarker for diag-
nosis and prognosis evaluation.
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