
Abstract. Background/Aim: Beta2-glycoprotein I (β2-GPI) 
is a plasma glycoprotein with multiple physiological 
functions, but its relationship with hepatocellular carcinoma 
(HCC) is still poorly understood. HCC is one of the most 
common forms of liver cancer and is a leading cause of 
cancer-related death worldwide. This study aimed to 
investigate the association between β2-GPI and liver cancer 
and further validate its potential as a biomarker for HCC. 
Patients and Methods: Thirty-six patients diagnosed with 
HCC at the Division of Gastroenterology and Hepatology, 
E-Da Hospital, Taiwan, were included in the study. The 
expression levels of β2-GPI in plasma specimens from 
patients with HCC were determined by enzyme immunoassay 
and analyzed in relation to clinicopathological variables 
using the Chi-square test or Fisher’s exact test. The 
predictive significance of β2-GPI for both overall survival 
(OS) and disease-free survival (DFS) was assessed using 
Kaplan-Meier estimates, and the statistical significance of 
differences was evaluated through the log-rank test. Cox 
proportional hazards regression models were used to 
evaluate the association between OS/DFS time and 

clinicopathological characteristics. Results: Plasma β2-GPI 
levels were significantly lower in patients with HCC 
compared to non-cancer controls and significantly correlated 
with aspartate aminotransferase (AST) levels of HCC. High 
plasma β2-GPI levels were significantly associated with 
better OS and DFS in HCC patients. Furthermore, in 
multiple variates analyses, OS was found to be significantly 
better in HCC patients with higher plasma β2-GPI 
expression. Conclusion: Elevated levels of β2-GPI protein in 
the plasma of HCC patients were identified as an 
independent factor predictive of improved OS and DFS. 
Activating β2-GPI in individuals at high risk could serve as 
a promising way for mitigating the progression of HCC. 
  
Beta2-glycoprotein I (β2-GPI), also referred to as 
apolipoprotein H (apoH), is a human plasma glycoprotein with 
a molecular weight of approximately 50 kDa, consisting of 326 
amino acids (1, 2). β2-GPI is primarily synthesized in the liver, 
and in plasma, about 35% of β2-GPI associates with lipids to 
form chylomicrons, very low-density lipoprotein (VLDL), and 
high-density lipoprotein (HDL) (3). Approximately 65% of β2-
GPI remains in free form. β2-GPI exhibits diverse effects in 
conditions, such as antiphospholipid syndrome, autoimmune 
disorders, and oxidative stress (4-7). However, the exact role 
of β2-GPI has not yet been elucidated. 

In previous studies, we discovered that β2-GPI suppresses 
melanoma cell migration, proliferation, and invasion in vitro, 
as well as inhibits melanoma growth in vivo. Additionally, 
we identified specific amino acid residues of β2-GPI that are 
involved in reducing the malignancy of melanoma cells (8). 
Furthermore, our preliminary results demonstrated that an 
inverse relationship between the expression of β2-GPI in 
breast cancer tissues and the risk of developing breast cancer 
in patients (9). Nevertheless, previous studies have suggested 
that β2-GPI may play a crucial role in tumor growth 
inhibition, indicating its potential significance in the 
development of cancer.  
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Liver cancer is a major malignancy with high mortality 
worldwide. Hepatocellular carcinoma (HCC), the predominant 
histological subtype, accounts for approximately 90% of all 
primary liver cancers (10, 11). Despite considerable efforts in 
the development of molecular-targeted therapies for HCC, 
prognosis remains unsatisfactory, largely due to late-stage 
diagnosis and intrahepatic metastasis (12). Surgical resection 
is known to improve overall survival (OS) in HCC; however, 
a significant portion of patients are ineligible for surgery 
primarily due to advanced metastasis (12). Therefore, 
understanding the molecular mechanisms underlying HCC 
pathogenesis and identifying potential diagnostic and 
prognostic biomarkers are crucial endeavors. In this study, we 
investigated the expression levels of β2-GPI in the plasma of 
HCC patients using an enzyme immunoassay. We explored the 
association between plasma β2-GPI levels and clinical 
variables to determine if β2-GPI levels could serve as a 
promising approach to determine progression of HCC. 
 

Patients and Methods 
 
Patients and samples. From November 2011 to March 2017, 36 
patients with pathologically confirmed HCC were included in this 
study. HCC patients received surgery at the Division of 
Gastroenterology and Hepatology, E-Da Hospital, Taiwan. 
Histological classification was carried out using the modified 
classification system by the World Health Organization (WHO), 
while primary tumor grading was assessed using the Modified 
Bloom-Richardson Grading Scheme. Staging analysis was 
performed according to the AJCC TNM system. Disease-free 
survival (DFS) was calculated from the date of surgery to the date 
of local recurrence of liver cancer. OS was defined as the time from 
the date of surgery to the date of cancer-related death. This study 
was approved by the Institutional Review Board of E-Da Hospital 
(EMRP-113-001) and all patients had been informed and consented 
to the procedure before the operation. 
 
Enzyme immunoassay. Plasma β2-GPI levels were assessed in 
duplicate for 36 HCC patients and 20 non-cancer control participants 
using a human β2-GPI-specific enzyme immunoassay kit (ab274403; 
Abcam, Cambridge, UK), following the manufacturer's instructions. 
 
Statistical analysis. The difference of quantification of plasma β2-
GPI expression between 36 HCC patients and 20 non-cancer control 
participants was evaluated by the Wilcoxon rank sum test. The 
patients’ demographic and clinical characteristics among the β2-GPI 
groups were expressed as number and percentage. The cut-off value 
of plasma β2-GPI level was set to 143.98 pg/ml based on the 5% 
percentile of control subjects. In this study, patients with plasma β2-
GPI levels less than 143.98 pg/ml were defined as the low-
expression group, and values greater than or equal to 143.98 pg/ml 
was defined as the high-expression group. The high-expression and 
low-expression groups of β2-GPI were compared in terms of age, 
body mass index (BMI), tumor stage, tumor number, tumor  
size, hepatitis B surface antigen (HBsAg) status, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), AST/ALT 
ratio, and alpha-fetoprotein (AFP) using either the chi-square test 
or Fisher's exact test. Kaplan-Meier estimates were utilized to 

generate OS and DFS curves, and differences in survival curves 
between groups were assessed using the log-rank test. Hazard 
ratios (HR) and 95% confidence intervals (CI) were calculated 
using both univariate and multiple variates Cox proportional 
hazards regression models to evaluate the associations between 
survival time and clinicopathological characteristics. The 
statistical significance of all tests was evaluated at a predetermined 
significance level of 0.05. All data analyses were carried out using 
the SAS statistical software version 9.4 (SAS Institute Inc., Cary, 
NC, USA). 

 
Results 
 
Plasma expression levels of β2-GPI in HCC patients. To 
investigate the plasma expression of β2-GPI protein in HCC 
patients, we conducted enzyme immunoassay on 36 HCC 
specimens and 20 non-cancer control participants. Our 
results showed that plasma β2-GPI was significantly down-
regulated in HCC specimens compared to non-cancer control 
participants (Figure 1). To further investigate the plasma 
expression of β2-GPI protein in HCC, we analyzed its 
plasma expression in HCC from 36 patients by enzyme 
immunoassay, and correlated plasma β2-GPI expression 
levels with the clinicopathological characteristics of these 
patients. We categorized plasma β2-GPI protein expression 
levels in HCC into “low-” expression and “high-” expression 
groups based on a cut-off value of 143.98 pg/ml for the 
plasma β2-GPI level. Patients with plasma β2-GPI levels 
<143.98 were classified as having low β2-GPI expression, 
while patients with plasma β2-GPI levels ≥143.98 were 
categorized as having high β2-GPI expression. 
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Figure 1. Quantification of plasma β2-GPI expression using enzyme 
immunoassay in 36 hepatocellular carcinoma patients and 20 non-
cancer control participants. Statistical significance was evaluated by 
the Wilcoxon rank sum test. 



Association between the plasma expression pattern of β2-
GPI and clinicopathological characteristics of HCC 
patients. The associations between the expression levels 
of β2-GPI and the clinicopathological characteristics in 
HCC patients are shown in Table I. We found that high 
β2-GPI expression levels in HCC patients were 
significantly associated with low AST values (p=0.014) 
(Table I). Age, BMI, tumor stage, HBsAg status, tumor 
number, tumor size, ALT, AST/ALT ratio, and AFP were 
not found to be significantly correlated with plasma β2-
GPI expression.  
 
Relationship between β2-GPI expression in plasma and 
survival in HCC patients. Survival analysis by the log-
rank test demonstrated increased OS and DFS rates in the 
high plasma β2-GPI expression group compared with the 
low plasma β2-GPI expression group (p=0.008 and 
p=0.038, respectively) (Figure 2). We also evaluated the 
risk factors associated with HCC. To investigate the 
relationship between plasma β2-GPI expression and 

clinicopathological parameters with OS, both univariate 
and multiple variates Cox proportional hazards regression 
models were performed (Table II). In the univariate 
analysis, AST/ALT ratio (>1.24 vs. ≤1.24, HR of 
death=3.27, p=0.048), AFP (>200 ng/ml vs. ≤200 ng/ml, 
HR of death=3.35, p=0.048), and plasma β2-GPI 
expression (high vs. low expression, HR of death=0.2, 
p=0.017) showed statistically significant associations with 
OS. In the multiple variates analyses, statistically 
significant relationships with OS were observed for one 
parameter: β2-GPI expression (high vs. low expression, 
HR of death=0.25, p=0.047). Similar results were 
observed for DFS by univariate and multiple variates 
analyses (Table III). In the univariate analysis, AST (>40 
U/l vs. ≤40 U/l, HR of death=3.53, p=0.049), ALT (>40 
U/l vs. ≤40 U/l, HR of death=2.74, p=0.041), and plasma 
β2-GPI expression (high vs. low expression, HR of 
death=0.39, p=0.045) were statistically significantly 
associated with DFS. In multiple variates analyses, there 
were no significant independent risk factors for DFS.  
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Table I. Associations of plasma B2-GPI levels with demographic and clinical characteristics in HCC patients. 
 
                                                                                                                                                        B2-GPI  
 
                                                                                                                                Low                                              High  
                                   
Variables                   Item                              Patient No. (%)                 N                         %                         N                         %                       p-Value* 
 
                                                                              36 (100)                      13                       36.1                       23                       63.9                             
Age (years)               <65                                     18 (50.0)                       6                        46.2                       12                       52.2                       0.729 
                                  ≥65                                     18 (50.0)                       7                        53.8                       11                       47.8                             
BMI (kg/m2)             <24                                     14 (38.9)                       6                        46.2                        8                        34.8                       0.501 
                                  ≥24                                     22 (61.1)                       7                        53.8                       15                       65.2                             
T stage                       T1                                       22 (61.1)                       8                        61.5                       14                       60.9                       0.969 
                                  T2, T3 or T4                      14 (38.9)                       5                        38.5                        9                        39.1                             
N stage                      N0                                      34 (94.4)                      12                       92.3                       22                       95.6                       1.000 
                                  N1                                        2 (5.6)                         1                         7.7                         1                         4.4                              
M stage                     M0                                      32 (88.9)                      11                       84.6                       21                       91.3                       0.609 
                                  M1 or Mx                           4 (11.1)                        2                        15.4                        2                         8.7                              
HBsAg                      Negative                            26 (78.8)                      10                       83.3                       16                       76.2                       1.000 
                                  Positive                               7 (21.2)                        2                        16.7                        5                        23.8                             
Tumor number          Single                                 24 (66.7)                       9                        69.2                       15                       65.2                       1.000 
                                  Multiple                             12 (33.3)                       4                        30.8                        8                        34.8                             
Tumor size (cm)       <2.95                                  18 (50.0)                       5                        38.5                       13                       56.5                       0.298 
                                  ≥2.95                                  18 (50.0)                       8                        61.5                       10                       43.5                             
AST (U/l)                  ≤40                                      9 (25.0)                        0                         0.0                         9                        39.1                       0.014 
                                  >40                                     27 (75.0)                      13                      100.0                      14                       60.9                             
ALT (U/l)                  ≤40                                     17 (47.2)                       4                        30.8                       13                       56.5                       0.137 
                                  >40                                     19 (52.8)                       9                        69.2                       10                       43.5                             
AST/ALT ratio          ≤1.24                                  19 (52.8)                       6                        46.2                       13                       56.5                       0.550 
                                  >1.24                                  17 (47.2)                       7                        53.8                       10                       43.5                             
AFP (ng/ml)              ≤200                                   19 (54.3)                       7                        53.8                       12                       54.5                       0.968 
                                  >200                                   16 (45.7)                       6                        46.2                       10                       45.5                             
 
*p-Value calculated by the Chi-squared test or Fisher's exact test. HCC: Hepatocellular carcinoma; B2-GPI: beta2-glycoprotein I; BMI: body mass 
index; HBsAg: hepatitis B surface antigen; AST: aspartate aminotransferase; ALT: alanine aminotransferase; AFP: alpha-fetoprotein.
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Figure 2. Overall survival (A) and disease-free survival (B) for HCC patients with high versus low plasma β2-GPI expression. Survival curves were 
estimated by the Kaplan–Meier method and the p-values were evaluated using a log-rank test.

Table II. Univariate and multiple variates analysis of overall survival for HCC patients. 
 
Variables                   Item                                                             Univariate                                                                    Multiple variates* 
 
                                                                           HR                         95% CI                    p-Value                  HR                      95% CI                    p-Value 
                                                                                                                                                                                                                                            
Age (years)               ≥65                                  1.27                     (0.39, 4.08)                   0.694                      -                              -                               - 
                                  <65                                  1.00                                                                                          -                                                                
BMI (kg/m2)             ≥24                                  1.07                     (0.32, 3.57)                   0.918                      -                              -                               - 
                                  <24                                  1.00                                                                                          -                                                                
T stage                      T2, T3 or T4                   1.44                     (0.43, 4.83)                   0.557                      -                              -                               - 
                                  T1                                    1.00                                                                                          -                                                                
M stage                     M1 or Mx                       2.46                    (0.29, 21.06)                  0.412                      -                              -                               - 
                                  M0                                   1.00                                                                                          -                                                                
HBsAg                      Positive                           0.39                     (0.05, 3.03)                   0.365                      -                              -                               - 
                                  Negative                          1.00                                                                                          -                                                                
Tumor number          Multiple                          1.60                     (0.48, 5.33)                   0.447                      -                              -                               - 
                                  Single                              1.00                                                                                          -                                                                
Tumor size (cm)       ≥2.95                               1.29                     (0.41, 4.02)                   0.661                      -                              -                               - 
                                  <2.95                               1.00                                                                                          -                                                                
AST (U/l)                  >40                                  6.06                    (0.78, 47.38)                  0.086                      -                              -                               - 
                                  ≤40                                  1.00                                                                                          -                                                                
ALT (U/l)                  >40                                  2.35                     (0.70, 7.90)                   0.169                      -                              -                               - 
                                  ≤40                                  1.00                                                                                          -                                                                
AST/ALT ratio         >1.24                               3.27                    (1.01, 10.55)                  0.048                   2.86                  (0.84, 9.72)                  0.093 
                                  ≤1.24                               1.00                                                                                       1.00                                                             
AFP (ng/ml)              >200                                3.35                    (1.01, 11.10)                  0.048                   3.72                 (0.99, 13.98)                 0.052 
                                  ≤200                                1.00                                                                                       1.00                                                             
B2-GPI                      High                                0.20                     (0.05, 0.74)                   0.017                   0.25                  (0.07, 0.98)                  0.047 
                                  Low                                 1.00                                                                                       1.00                                                             
                                                                                                                                                                                                                                            
*Variables with p≤0.05 on univariate analysis were included in multiple variates analysis. HCC: Hepatocellular carcinoma; HR: hazard ratio; CI: 
confidence interval; BMI: body mass index; HBsAg: hepatitis B surface antigen; AST: aspartate aminotransferase; ALT: alanine aminotransferase; 
AFP: alpha-fetoprotein; B2-GPI: beta2-glycoprotein I.



Discussion 

Hepatectomy is the primary treatment for HCC worldwide. 
However, due to limitations in diagnostic techniques, early 
detection of HCC is often challenging, leading to poor 
prognosis. Currently, the five-year postoperative recurrence 
rate remains high (13). To improve prognosis of HCC, many 
researchers are conducting various studies. Studies have 
indicated that elevated levels of certain markers may be 
associated with the prognosis of HCC patients. A recent 
report has shown that elevated Sjögren’s syndrome nuclear 
autoantigen-1 (SSNA1) expression in HCC patients was 
closely associated with a poor prognosis (14). Likewise, high 
kinesin family member 15 (KIF15) expression in 
inflammatory monocytes within tumor tissues may serve as 
a prognostic marker for poor outcomes in HCC (15). 
However, Koh et al. found that low transient receptor 
potential vanilloid 6 (TRPV6) expression predicted an 
adverse prognosis following curative HCC resection (16). 
Furthermore, prognostic factors, such as TNM stage, tumor 
size, vascular invasion, and recurrence rate have been 

identified (17-19). However, these factors are difficult to 
assess before surgery, prompting extensive research into 
prognostic plasma markers in recent years. 

Recent studies have shown that mice lacking β2-GPI 
expression exhibit increased microvessel formation and 
accelerated melanoma tumor growth (20). We further 
investigated the protective role of β2-GPI in regulating B16-
F10 melanoma cells through in vitro and in vivo experiments 
(8). In our recent findings, a relationship between β2-GPI 
expression in tissues and prognosis has been shown in breast 
cancer (9). However, there has been no research on plasma 
β2-GPI expression in HCC and its relationship with patient 
survival. In this study, we examined the role of β2-GPI in 
HCC by analyzing its expression patterns in the plasma and 
correlating these patterns with clinical characteristics, OS, 
and DFS in HCC patients. 

In our current study, we found that plasma β2-GPI levels 
were significantly lower in HCC patients compared to non-
cancer control participants (Figure 1). Analysis of 
clinicopathological parameters revealed that reduced β2-GPI 
levels were associated with AST status (Table I). Specifically, 
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Table III. Univariate and multiple variates analysis of disease-free survival for HCC patients. 
 
Variables                   Item                                                             Univariate                                                                    Multiple variates* 
 
                                                                           HR                         95% CI                    p-Value                  HR                      95% CI                    p-Value 

 
Age (years)               ≥65                                  1.62                     (0.65, 4.04)                   0.302                      -                              -                               - 
                                  <65                                  1.00                                                                                          -                                                                
BMI (kg/m2)             ≥24                                  1.07                     (0.42, 2.73)                   0.884                      -                              -                               - 
                                  <24                                  1.00                                                                                          -                                                                
T stage                      T2, T3 or T4                   1.74                     (0.64, 4.76)                   0.279                      -                              -                               - 
                                  T1                                    1.00                                                                                          -                                                                
M stage                     M1 or Mx                       1.45                    (0.19, 11.23)                  0.721                      -                              -                               - 
                                  M0                                   1.00                                                                                          -                                                                
HBsAg                      Positive                           0.51                     (0.12, 2.27)                   0.380                      -                              -                               - 
                                  Negative                          1.00                                                                                          -                                                                
Tumor number          Multiple                          2.19                     (0.81, 5.92)                   0.124                      -                              -                               - 
                                  Single                              1.00                                                                                          -                                                                
Tumor size (cm)       ≥2.95                               1.07                     (0.43, 2.69)                   0.879                      -                              -                               - 
                                  <2.95                               1.00                                                                                          -                                                                
AST (U/l)                  >40                                  3.53                    (1.01, 12.37)                  0.049                   1.48                  (0.27, 8.09)                  0.653 
                                  ≤40                                  1.00                                                                                       1.00                                                             
ALT (U/l)                  >40                                  2.74                     (1.04, 7.20)                   0.041                   2.21                  (0.65, 7.57)                  0.205 
                                  ≤40                                  1.00                                                                                       1.00                                                             
AST/ALT ratio         >1.24                               1.58                     (0.64, 3.94)                   0.323                      -                              -                               - 
                                  ≤1.24                               1.00                                                                                          -                                                                
AFP (ng/ml)              >200                                2.45                     (0.94, 6.36)                   0.067                      -                              -                               - 
                                  ≤200                                1.00                                                                                          -                                                                
B2-GPI                      High                                0.39                     (0.15, 0.98)                   0.045                   0.46                  (0.16, 1.33)                  0.150 
                                  Low                                 1.00                                                                                       1.00                                                             

 
*Variables with p≤0.05 on univariate analysis were included in multiple variates analysis. HCC: Hepatocellular carcinoma; HR: hazard ratio; CI: 
confidence interval; BMI: body mass index; HBsAg: hepatitis B surface antigen; AST: aspartate aminotransferase; ALT: alanine aminotransferase; 
AFP: alpha-fetoprotein; B2-GPI: beta2-glycoprotein I.



lower β2-GPI levels were consistently linked to higher AST. 
AST and ALT are important liver enzymes (21). ALT is 
primarily located in the non-mitochondrial portion of 
hepatocytes, while AST is predominantly found in the 
mitochondria of hepatocytes. In advanced liver disease, 
mitochondrial damage can occur, releasing AST into the 
bloodstream and significantly increasing its plasma levels. 
Additionally, as liver function deteriorates, the clearance rate of 
AST decreases, further elevating plasma AST levels compared 
to ALT levels (22-24). Our data showed that significantly 
increased plasma expression levels of AST (>40 U/l) were 
observed in HCC patients (Table I), especially among patients 
with low plasma β2-GPI expression. In our research, HCC 
patients with higher AST/ALT ratios had poorer prognoses 
compared to those with lower ratios (Table II), identifying 
AST/ALT as a risk factor for OS in HCC patients.                       
AST/ALT ratio is closely linked to residual hepatic 
inflammatory necrosis (25-27). In the multiple variates analyses 
(adjusted for AST/ALT ratio and AFP), the HR of OS in the 
high plasma β2-GPI expression group was 0.25 and that of OS 
in the low plasma β2-GPI expression group was 1.0 (Table II), 
indicating that plasma β2-GPI expression levels predominantly 
affects HCC patients' OS. These findings suggest that β2-GPI 
may play a beneficial role in HCC. Our results align with 
previous studies indicating that high β2-GPI expression acts as 
a negative regulator in breast cancer patients (9). In HCC, high 
β2-GPI expression may offer protective effects for patients. 
However, the specific mechanisms by which plasma β2-GPI 
levels influence the prognosis of HCC patients require further 
investigation. 

Plasma AFP levels are frequently elevated in patients with 
HCC, making AFP a commonly used surrogate marker for the 
disease (28, 29). Elevated AFP levels are associated with a 
higher risk of developing HCC. In our present investigation, 
analysis of clinicopathological parameters revealed that 
plasma β2-GPI levels were not correlated with AFP levels 
(Table I). Notably, we found that in the univariate analysis, 
the HR of OS in the AFP levels >200 ng/ml group was 3.35 
and that in the AFP levels ≤200 ng/ml group was 1.0 (Table 
II). The significance of β2-GPI expression was further 
underscored by multiple variates Cox regression analyses, 
which showed that after adjusting for AST/ALT ratio, AFP 
levels, and β2-GPI expression, only β2-GPI expression 
remained statistically significant in relation to OS in HCC 
patients (Table II). Moreover, our clinicopathological analyses 
demonstrated a negative correlation between plasma β2-GPI 
levels and HBsAg status in HCC patients (Table I). Jing et al. 
suggested that β2-GPI may contribute to development of 
HBV-related HCC by activating NF-ĸB through its 
interaction with HBsAg (30), and a later study demonstrated 
that HBsAg/β2-GPI activates the NF-ĸB pathway through the 
TLR4/MyD88/IĸBα axis in HCC (31). Interestingly, our 
previous study showed that oxidative stress amplifies the 

regulation of β2-glycoprotein I gene expression in hepatoma 
cells through AP-1 and NF-ĸB pathways (32). Further 
research and patient stratification based on HBsAg status 
could offer deeper insights into risk assessment and survival 
outcomes for patients with different levels of β2-GPI. The 
primary limitation of our study was its small sample size, 
which affects the generalizability of our results. To address 
this, we performed a post-hoc power analysis to evaluate the 
statistical power of log-rank test results at a significance level 
of 0.05. The achieved power for overall survival and disease-
free survival was 84% and 99%, respectively, with a sample 
size of 36 HCC patients. These analyses confirm that our 
methods have adequate power for detecting significant 
results. Additionally, the retrospective and single-center 
design must be considered. Furthermore, our cohort only 
spans a period of nearly 7 years. 

To the best of our knowledge, this is the first study to 
propose the predictive value of β2-GPI for OS and DFS in 
HCC patients. Our findings revealed that the adjusted hazard 
ratios for OS and DFS in HCC patients with high β2-GPI 
expression were 0.25 and 0.46, respectively (Table II and 
Table III). Additionally, high β2-GPI expression in the 
plasma was linked to improved OS and DFS rates (Figure 
2). Identifying protective factors like β2-GPI, as 
demonstrated in our study, may provide valuable insights for 
physicians in developing more effective HCC prevention 
strategies. 
 
Conclusion 
 
Our study indicates a negative association between plasma 
β2-GPI expression and HCC risk. Elevated plasma β2-GPI 
expression was found to be an independent predictor of 
improved survival outcomes, including OS and DFS, in HCC 
patients. These findings suggest that β2-GPI may play a 
protective role in lowering the risk of HCC. 
 
Conflicts of Interest 
 
The Authors declare that they have no conflicting interests. 

 
Authors’ Contributions 
 
TJH and WCC conceived and designed the study; TJH, GYH, and 
WCC analyzed the data; YJH and WCC drafted the manuscript; 
TJH, YNT, YYL, HWP, YCH, and WCC provided material support 
and study supervision. All Authors reviewed and approved the final 
manuscript. 

 
Acknowledgements 
 
This study was supported by Grants from the I-Shou University 
(ISU-110-02-01A, ISU-111-01-11A, ISU-111-BTC-01, ISU-111-
SIO-09, ISU-112-SIO-11, ISU-113-IUC-11) of Taiwan. 

CANCER DIAGNOSIS & PROGNOSIS 4: 735-742 (2024)

740



References 
 
1 Lozier J, Takahashi N, Putnam FW: Complete amino acid 

sequence of human plasma beta 2-glycoprotein I. Proc Natl Acad 
Sci USA 81(12): 3640-3644, 1984. DOI: 10.1073/pnas.81. 
12.3640 

2 de Groot PG, Meijers JC: β(2)-Glycoprotein I: evolution, 
structure and function. J Thromb Haemost 9(7): 1275-1284, 
2011. DOI: 10.1111/j.1538-7836.2011.04327.x 

3 Polz E, Kostner GM: The binding of β2-glycoprotein-I to human 
serum lipoproteins. FEBS Lett 102(1): 183-186, 1979. DOI: 
10.1016/0014-5793(79)80955-2 

4 Radic M, Pattanaik D: Cellular and molecular mechanisms of 
anti-phospholipid syndrome. Front Immunol 9: 969, 2018. DOI: 
10.3389/fimmu.2018.00969 

5 Amengual O, Atsumi T: Antiphospholipid syndrome, “the best 
prophet of the future”. Mod Rheumatol 28(3): 409-416, 2018. 
DOI: 10.1080/14397595.2018.1435988 

6 He C, Zhang G, Zhou H, Cheng S, Farwa A: Effects of Toll-like 
receptor 4 on β2-glycoprotein I-induced splenic T cell subsets 
differentiation. Immunol Lett 198: 17-25, 2018. DOI: 
10.1016/j.imlet.2018.03.010 

7 Ioannou Y, Zhang JY, Passam FH, Rahgozar S, Qi JC, 
Giannakopoulos B, Qi M, Yu P, Yu DM, Hogg PJ, Krilis SA: 
Naturally occurring free thiols within β2-glycoprotein I in vivo: 
nitrosylation, redox modification by endothelial cells, and 
regulation of oxidative stress–induced cell injury. Blood 116(11): 
1961-1970, 2010. DOI: 10.1182/blood-2009-04-215335 

8 Leu SJ, Lee TY, Cheng SW, Tsai MY, Lin YS, Chiou TJ, Huang 
KY, Chiang AN: Structural and functional characterization of 
β(2) -glycoprotein I domain 1 in anti-melanoma cell migration. 
Cancer Sci 110(6): 1974-1986, 2019. DOI: 10.1111/cas.14030 

9 Lee YC, Tang CT, Kan JY, Chiang CP, Li HT, Sung JN, Chiu 
WC: Correlation of Beta2-Glycoprotein I with tumor prognosis 
in breast cancer patients. Anticancer Res 43(8): 3455-3462, 
2023. DOI: 10.21873/anticanres.16521 

10 Rich NE, Singal AG: Overdiagnosis of hepatocellular 
carcinoma: Prevented by guidelines? Hepatology 75(3): 740-
753, 2022. DOI: 10.1002/hep.32284 

11 Tian Z, Zhao J, Wang Y: The prognostic value of TPM1-4 in 
hepatocellular carcinoma. Cancer Med 11(2): 433-446, 2022. 
DOI: 10.1002/cam4.4453 

12 Rimassa L, Personeni N, Czauderna C, Foerster F, Galle P: 
Systemic treatment of HCC in special populations. J Hepatol 
74(4): 931-943, 2021. DOI: 10.1016/j.jhep.2020.11.026 

13 Ji F, Fu S, Guo Z, Pang H, Chen D, Wang X, Ju W, Wang D, He 
X, Hua Y, Peng B: Prognostic significance of preoperative 
aspartate aminotransferase to neutrophil ratio index in patients 
with hepatocellular carcinoma after hepatic resection. Oncotarget 
7(44): 72276-72289, 2016. DOI: 10.18632/oncotarget.10848 

14 Wu LW, Hu X: SSNA1 promotes hepatocellular carcinoma 
metastasis via STAT3/EMT induction. Anticancer Res 43(8): 
3479-3486, 2023. DOI: 10.21873/anticanres.16524 

15 Kitagawa A, Masuda T, Takahashi J, Tobo T, Noda M, Kuroda 
Y, Hu Q, Kouyama Y, Kobayashi Y, Kuramitsu S, Sato K, Fujii 
A, Yoshikawa Y, Wakiyama H, Shimizu D, Tsuruda Y, Eguchi 
H, Doki Y, Mori M, Mimori K: KIF15 expression in tumor-
associated monocytes is a prognostic biomarker in hepatocellular 
carcinoma. Cancer Genomics Proteomics 17(2): 141-149, 2020. 
DOI: 10.21873/cgp.20174 

16 Koh HH, Choi S, Park CK, Ha SY: Down-regulation of TRPV6 
is associated with adverse prognosis in hepatocellular carcinoma 
treated with curative resection. Cancer Genomics Proteomics 
19(2): 259-269, 2022. DOI: 10.21873/cgp.20318 

17 Xie QS, Chen ZX, Zhao YJ, Gu H, Geng XP, Liu FB: 
Systematic review of outcomes and meta-analysis of risk factors 
for prognosis after liver resection for hepatocellular carcinoma 
without cirrhosis. Asian J Surg 44(1): 36-45, 2021. DOI: 
10.1016/j.asjsur.2020.08.019 

18 Bai XM, Cui M, Yang W, Wang H, Wang S, Zhang ZY, Wu W, 
Chen MH, Yan K, Goldberg SN: The 10-year survival analysis 
of radiofrequency ablation for solitary hepatocellular carcinoma 
5 cm or smaller: primary versus recurrent HCC. Radiology 
300(2): 458-469, 2021. DOI: 10.1148/radiol.2021200153 

19 Shinkawa H, Tanaka S, Kabata D, Takemura S, Amano R, 
Kimura K, Kinoshita M, Kubo S: The prognostic impact of 
tumor differentiation on recurrence and survival after resection 
of hepatocellular carcinoma is dependent on tumor size. Liver 
Cancer 10(5): 461-472, 2021. DOI: 10.1159/000517992 

20 Passam FH, Qi JC, Tanaka K, Matthaei KI, Krilis SA: In vivo 
modulation of angiogenesis by beta 2 glycoprotein I. J Autoimmun 
35(3): 232-240, 2010. DOI: 10.1016/j.jaut.2010.06.013 

21 Giannini EG, Testa R, Savarino V: Liver enzyme alteration: a 
guide for clinicians. CMAJ 172(3): 367-379, 2005. DOI: 
10.1503/cmaj.1040752 

22 Okuda M, Li K, Beard MR, Showalter LA, Scholle F, Lemon 
SM, Weinman SA: Mitochondrial injury, oxidative stress, and 
antioxidant gene expression are induced by hepatitis C virus core 
protein. Gastroenterology 122(2): 366-375, 2002. DOI: 
10.1053/gast.2002.30983 

23 Zhang LX, Lv Y, Xu AM, Wang HZ: The prognostic significance 
of serum gamma-glutamyltransferase levels and AST/ALT in 
primary hepatic carcinoma. BMC Cancer 19(1): 841, 2019. DOI: 
10.1186/s12885-019-6011-8 

24 Conde VR, Oliveira PF, Nunes AR, Rocha CS, Ramalhosa E, 
Pereira JA, Alves MG, Silva BM: The progression from a lower 
to a higher invasive stage of bladder cancer is associated with 
severe alterations in glucose and pyruvate metabolism. Exp Cell 
Res 335(1): 91-98, 2015. DOI: 10.1016/j.yexcr.2015.04.007 

25 Tarao K, Rino Y, Takemiya S, Tamai S, Ohkawa S, Sugimasa Y, 
Miyakawa K, Morinaga S, Yoshida M, Shibuya A, Kokubu S, 
Kakita A, Endo O: Close association between high serum ALT 
and more rapid recurrence of hepatocellular carcinoma in 
hepatectomized patients with HCV-associated liver cirrhosis and 
hepatocellular carcinoma. Intervirology 43(1): 20-26, 2000. 
DOI: 10.1159/000025019 

26 Botros M, Sikaris KA: The de ritis ratio: the test of time. Clin 
Biochem Rev 34(3): 117-130, 2013. 

27 Zou Y, Zhong L, Hu C, Sheng G: Association between the alanine 
aminotransferase/aspartate aminotransferase ratio and new-onset 
non-alcoholic fatty liver disease in a nonobese Chinese population: 
a population-based longitudinal study. Lipids Health Dis 19(1): 
245, 2020. DOI: 10.1186/s12944-020-01419-z 

28 Tsilimigras DI, Moris D, Hyer JM, Bagante F, Ratti F, Marques 
HP, Soubrane O, Lam V, Poultsides GA, Popescu I, 
Alexandrescu S, Martel G, Workneh A, Guglielmi A, Hugh T, 
Aldrighetti L, Endo I, Pawlik TM: Serum α-fetoprotein levels at 
time of recurrence predict post-recurrence outcomes following 
resection of hepatocellular carcinoma. Ann Surg Oncol 28(12): 
7673-7683, 2021. DOI: 10.1245/s10434-021-09977-x 

Hsieh et al: β2-GPI in Hepatocellular Carcinoma Prognosis

741



29 Zhu AX, Finn RS, Kang YK, Yen CJ, Galle PR, Llovet JM, 
Assenat E, Brandi G, Motomura K, Ohno I, Daniele B, Vogel A, 
Yamashita T, Hsu CH, Gerken G, Bilbruck J, Hsu Y, Liang K, 
Widau RC, Wang C, Abada P, Kudo M: Serum alpha-fetoprotein 
and clinical outcomes in patients with advanced hepatocellular 
carcinoma treated with ramucirumab. Br J Cancer 124(8): 1388-
1397, 2021. DOI: 10.1038/s41416-021-01260-w 

30 Jing X, Piao Y, Liu Y, Gao PJ: Beta2-GPI: a novel factor in the 
development of hepatocellular carcinoma. J Cancer Res Clin 
Oncol 136(11): 1671-1680, 2010. DOI: 10.1007/s00432-010-
0825-8 

31 Jing X, Tian Z, Gao P, Xiao H, Qi X, Yu Y, Ding X, Yang L, 
Zong L: HBsAg/β2GPI activates the NF-ĸB pathway via the 

TLR4/MyD88/IĸBα axis in hepatocellular carcinoma. Oncol 
Rep 40(2): 1035-1045, 2018. DOI: 10.3892/or.2018.6507 

32 Chiu WC, Chen CJ, Lee TS, Chen ZJ, Ke PH, Chiang AN: 
Oxidative stress enhances AP-1 and NF-ĸB-mediated regulation 
of β2-Glycoprotein I gene expression in hepatoma cells. J Cell 
Biochem 111(4): 988-998, 2010. DOI: 10.1002/jcb.22787 

 

 
 

Received June 16, 2024 
Revised July 22, 2024 

Accepted August 16, 2024

CANCER DIAGNOSIS & PROGNOSIS 4: 735-742 (2024)

742


