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Abstract
[bookmark: OLE_LINK155][bookmark: OLE_LINK156][bookmark: OLE_LINK351][bookmark: OLE_LINK352][bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK131][bookmark: OLE_LINK132]AIM: To investigate whether Neuron-glial antigen 2 (NG2) could be an effective prognostic marker. 

METHODS: NG2 expression was semiquantitatively scored from the immunohistochemistry (IHC) data based on the number of positive cells and the staining intensity. A total of 132 hepatocellular carcinoma (HCC) specimens and 96 adjacent noncancerous tissue samples were analyzed by IHC for NG2 protein expression. To confirm the NG2 expression levels observed by IHC, we measured NG2 expression in 30 randomly selected tumor and adjacent noncancerous tissue samples by quantitative real-time polymerase chain reaction and Western blot. The correlations between NG2 protein expression and the clinicopathological features of HCC patients were analyzed using the 2 test. To assess the prognostic value of NG2 for HCC, the association between NG2 expression and survival was analyzed using the Kaplan-Meier method with the log-rank test. To further evaluate the prognostic value of NG2 expression, a Cox multivariate proportional hazards regression analysis was performed with all the variables to derive risk estimates related to disease-free and overall survival and to control for confounders.

RESULTS: High NG2 expression was observed in significantly more primary tumor samples (63.6%; 84/132) compared with the adjacent noncancerous tissue samples (28.1%; 27/96) (P < 0.0001). Moreover, high NG2 protein expression was closely associated with tumor differentiation (2 value =9.436, P = 0.0089), recurrence (2 value = 5.769, P = 0.0163), tumor-node-metastasis (TNM) stage (2 value = 8.976, P = 0.0027), and invasion (2 value = 5.476, P = 0.0193). However, no significant relationship was observed between NG2 protein expression in HCC and other parameters, such as age, sex, tumor size, serum alpha fetoprotein (AFP), tumor number, or tumor capsule. The log-rank test indicated a significant difference in the overall survival of HCC patients with high NG2 expression compared with low NG2 expression (29.2% vs 9.5%, P < 0.001). Moreover, NG2 expression in HCC tissue signiﬁcantly correlated with disease-free survival (15.2% vs 6.7%, P < 0.001). Multivariate analysis showed that NG2 expression (HR = 2.035, P = 0.002), serum AFP (HR = 1.903, P = 0.003), TNM stage (HR = 2.039, P = 0.001), and portal vein invasion (HR = 1.938, P = 0.002) were independent prognostic indicators for OS in HCC patients. Furthermore, NG2 expression (HR = 1.974, P = 0.003), serum AFP (HR = 1.767, P = 0.008), TNM stage (HR = 2.078, P = 0.001), tumor capsule (HR = 0.652, P = 0.045), and portal vein invasion (HR = 1.941, P = 0.002) were independent prognostic indicators for DFS in HCC patients. 

[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK11][bookmark: OLE_LINK12]CONCLUSION: The up-regulation of NG2 is associated with poor prognosis. Therefore, NG2 could be useful as an additional prognostic marker to increase the resolution of traditional approaches.
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[bookmark: OLE_LINK230][bookmark: OLE_LINK237]Core tip: To help predict which patients have an unfavorable prognosis, it is critical to identify a dependable prognostic biomarker that correlates with hepatocellular carcinoma (HCC) progression, invasion, metastasis and recurrence. Despite recent evidence that shows Neuron-glial antigen 2 (NG2) is expressed on the surface of differentiated malignant cells, progenitor cells, and cancer stem cells in various tumors and promotes the growth and metastasis of melanoma cells, whether it is associated with HCC progression remains elusive. The results of the present study showed that NG2 is useful as an additional prognostic marker to increase the resolution of current approaches.
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[bookmark: OLE_LINK337][bookmark: OLE_LINK14][bookmark: OLE_LINK13][bookmark: OLE_LINK195][bookmark: OLE_LINK190][bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK17][bookmark: OLE_LINK21][bookmark: OLE_LINK38][bookmark: OLE_LINK37][bookmark: OLE_LINK28][bookmark: OLE_LINK27][bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK188][bookmark: OLE_LINK187][bookmark: OLE_LINK236][bookmark: OLE_LINK235]Hepatocellular carcinoma (HCC) is a common type of cancer, and in China, its associated morbidity and mortality rates have become among the highest in the world, accounting annually for 55% of new cases and deaths worldwide[1]. HCC treatment is extremely difficult because patients are asymptomatic until the cancer rapidly progresses into its terminal phase, creating a challenging and ineffective treatment. In most cases, relatively favorable curative effects are achieved by surgical liver resection, and even after liver resection, the 5-year survival rate is less than 35% because of recurrence and metastasis[2,3]. To help predict which patients have an unfavorable prognosis, it is critical to identify a dependable prognostic biomarker that correlates with HCC progression, invasion, metastasis and recurrence. 
[bookmark: OLE_LINK276][bookmark: OLE_LINK194][bookmark: OLE_LINK193][bookmark: OLE_LINK244][bookmark: OLE_LINK243][bookmark: OLE_LINK39][bookmark: OLE_LINK278][bookmark: OLE_LINK277][bookmark: OLE_LINK23][bookmark: OLE_LINK24]Neuron-glial antigen 2 (NG2)/chondroitin sulfate proteoglycan (CSPG-4) is an integral membrane proteoglycan located on the surface of many types of progenitor cells[4]. NG2 is a phylogenetically conserved protein[5] composed of a 280-kDa N-linked glycoprotein and a 450-kDa proteoglycan[6] that plays numerous mediatory roles in the proliferation, migration, and metastasis of melanoma cells[7]. The human homologue of NG2 is expressed in most human melanomas and promotes the growth and metastasis of melanoma cells[7]. NG2 expression is associated with metastasis in soft-tissue sarcoma patients[8] and with the progression of glioma[9], astrocytoma[10], and myeloid leukemia[11]. NG2 also regulates cell adhesion to collagen and other extracellular matrix (ECM) components[12-14]. NG2 is expressed on the surface of differentiated malignant cells, progenitor cells, and cancer stem cells in various tumors[15]. Furthermore, NG2 plays a critical role in the growth, migration, and metastasis of tumor cells[8]. In the normal adult brain, NG2 is expressed by 5% of all neural cells, has a wide anatomical distribution, and is expressed in more than 70% of cycling progenitors. NG2+ progenitors have the ability to proliferate, self-renew, and produce different types of neural cells under normal and pathological conditions. Collectively, these characteristics have led to a reevaluation of the lineage potential and function of the previously considered unipotent oligodendrocyte precursors. It remains unknown whether HCC migration and metastasis can be attributed to NG2 expression and function. Thus, this study investigated whether NG2 is overexpressed in HCC, whether it is associated with HCC progression, invasion, metastasis, and recurrence, and whether it could be an effective prognostic marker.

MATERIALS AND METHODS
Tissue samples 
All patients were provided written informed consent to use tumor tissue for clinical research. Tissue samples were collected from 132 HCC patients who underwent a hepatectomy at the Department of Hepatobiliary Surgery between January and December 2007, according to protocols approved by the Medical Ethics Committee of the Southwest Hospital and the First Affiliated Hospital of the Third Military Medical University. No patients received radiotherapy or chemotherapy before hepatectomy. The survivors were followed for 6 years. The tumors were pathologically graded according to the World Health Organization classiﬁcation system, and the pathological staging after hepatectomy was performed according to the 2002 tumor-node-metastasis (TNM) classiﬁcation of malignant tumors from the International Union Against Cancer. The clinicopathological characteristics of the patients are listed in Table 1. Immediately after resection, 30 fresh tumor tissue specimens were snap-frozen in liquid nitrogen and stored at -80 °C. Overall survival (OS) was defined as the period between surgery and death or the last contact. Survivor data at the last follow-up were abridged. Relapse-free survival (RFS) was defined as the period between surgery and any form of recurrence[16]. 

Immunohistochemistry
Tissue sections were deparafﬁnized in xylene and rehydrated in ethanol. In vivo peroxidase activity was blocked with 3% H2O2 for 10 min. The sections were subjected to antigen retrieval in a microwave oven in 10 mmol/L citrate buffer (pH 6.0). The sections were incubated in 10% goat serum albumin in phosphate-buffered saline (PBS) for 30 min, then in an anti-human NG2 polyclonal antibody (1:100 dilution; Abcam, Burlingame, United States) at 4 °C overnight, and finally with appropriate secondary antibodies for 60 min and washed with PBS. Negative controls were incubated with PBS instead of the primary antibody under identical conditions. 

RNA extraction and quantitative real-time polymerase chain reaction 
Total RNA was extracted with the TRIzol reagent (TaKaRa, Dalian, China). quantitative real-time polymerase chain reaction (qRT-PCR) was performed using the SYBR Green PCR Master Mix (TaKaRa, Dalian, China) on a Rotor-Gene 6000 RT-PCR System (Applied Biosystems) with the following cycling conditions: 95 °C for 30 s and 40 cycles of 95 °C for 5 s and 60 °C for 60 s. The primer pair sequences are provided below: NG2 forward 5’-CCTGTCCTCACCAATGTCCTCCT-3’, NG2 reverse 5’-GCTGGCACTGTTGAGACTCTTGAC-3’, β-actin forward 5’-ATAGCACAGCCTGGATAGCA ACGTAC-3’ and β-actin reverse 5’-CACCTTCTACAATGAGCTGCGTGTG-3’. The β-actin gene was used as the reference control. The relative mRNA expression levels were calculated based on the Ct values using the 2-ΔΔCt method. Each experiment was repeated in triplicate.

Western blotting
Western blots were performed as previously described[17]. After electrophoresis, the proteins were transferred to a polyvinylidene fluoride membrane. The membrane was blocked with 5% nonfat milk in Tris-buffered saline with Tween (TBST) and incubated with an anti-human NG2 polyclonal antibody (1:1000 dilution; Abcam, Burlingame, United States) in TBST containing 5% bovine serum albumin at 4 °C overnight. After washing three times with TBST, the membranes were incubated with a horseradish peroxidase-conjugated secondary antibody diluted in TBST at room temperature for 2 h. The protein signals were visualized using an electrochemiluminescence system. The gray values were calculated using Image J2x. The NG2 protein levels were normalized to β-actin protein levels.

Statistical analysis
Significant relationships between NG2 expression and the clinicopathological parameters were evaluated using the 2 test or Fisher’s exact test. Survival rates were calculated using the Kaplan-Meier method and compared using the log-rank test. The independent prognostic factors for survival were identified by a multivariate analysis using the Cox proportional hazard regression model. All the analyses were performed using SPSS 17.0 for Windows.

RESULTS
NG2 protein expression in HCC samples
[bookmark: OLE_LINK271][bookmark: OLE_LINK274][bookmark: OLE_LINK275][bookmark: OLE_LINK339][bookmark: OLE_LINK338][bookmark: OLE_LINK281][bookmark: OLE_LINK198][bookmark: OLE_LINK343][bookmark: OLE_LINK342][bookmark: OLE_LINK192][bookmark: OLE_LINK191][bookmark: OLE_LINK201][bookmark: OLE_LINK200][bookmark: OLE_LINK199]NG2 expression was semiquantitatively scored from the immunohistochemistry (IHC) data based on the number of positive cells and the staining intensity (Table 2). Samples were considered NG2-positive if either the cell nucleus or cytoplasm stained positive. As shown in Table 1, high NG2 expression was observed in significantly more primary tumor samples (63.6%; 84/132) compared with the adjacent noncancerous tissue samples (28.1%; 27/96) (P < 0.0001). NG2 expression was determined by IHC in 5 representative pairs of hepatic carcinoma tissue and adjacent non-tumorous tissue (Figure 1). To confirm the NG2 expression levels observed by IHC, we measured NG2 expression in 30 randomly selected tumor samples by qRT-PCR and Western blot. The results show that NG2 protein and mRNA expression markedly increased in primary tumor samples compared with the adjacent noncancerous tissue samples (Figure 2). 

Association between NG2 protein expression and the clinicopathological features of HCC
[bookmark: OLE_LINK90][bookmark: OLE_LINK46][bookmark: OLE_LINK77][bookmark: OLE_LINK76][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK178][bookmark: OLE_LINK177][bookmark: OLE_LINK208][bookmark: OLE_LINK207][bookmark: OLE_LINK206][bookmark: OLE_LINK180][bookmark: OLE_LINK179][bookmark: OLE_LINK186][bookmark: OLE_LINK185]As presented in Table 1, the correlations between NG2 protein expression and the clinicopathological features of HCC patients were analyzed using the 2 test. High NG2 protein expression was closely associated with tumor differentiation (P = 0.0089), recurrence (P = 0.0163), TNM stage (0.0027), and invasion (P = 0.0193). However, no significant relationship was observed between NG2 protein expression in HCC and other parameters, such as age, sex, tumor size, serum AFP, tumor number, or tumor capsule. NG2 expression in human hepatic carcinoma tissues at TNM III/IV stages was significantly increased compared with TNM I/II stage tissues (Figure 3A). Additionally, NG2 expression in human hepatic carcinoma tissues with a poor degree of differentiation was significantly increased compared with moderate and high degrees of differentiation (Figure 3B). Moreover, NG2 expression increased in human hepatic carcinoma tissues with portal vein invasion (Figure 3C), and interestingly, NG2 was highly expressed in vessels within human hepatic carcinoma tissue (Figure 3D).

Correlation between NG2 protein expression and patient survival
[bookmark: OLE_LINK89][bookmark: OLE_LINK88][bookmark: OLE_LINK57][bookmark: OLE_LINK54][bookmark: OLE_LINK53][bookmark: OLE_LINK32][bookmark: OLE_LINK31][bookmark: OLE_LINK117][bookmark: OLE_LINK114][bookmark: OLE_LINK203][bookmark: OLE_LINK202]To assess the prognostic value of NG2 for HCC, the association between NG2 expression and survival was analyzed using the Kaplan-Meier method with the log-rank test. Patients were separated into two groups, an NG2-high group (n = 84) and an NG2-low group (n = 48). The log-rank test indicated a significant difference in the overall survival of HCC patients with high NG2 expression compared with low NG2 expression (P < 0.001; Figure 4A). Moreover, NG2 expression in HCC tissue signiﬁcantly correlated with disease-free survival (P < 0.001; Figure 4B). Other prognostic factors were investigated, and a univariate analysis revealed that invasion, serum AFP and TNM stage adversely affected the disease-free and overall survival (Table 3). Moreover, serum AFP and tumor number adversely affected progression-free but not overall survival (Table 3). Combination analysis of the survival data revealed that 25 (48.1%) of the 52 HCC patients with TNM stage I/II disease were NG2-positive and had an unfavorable outcome (Figure 5A, B). In contrast, 59 (73.7%) of the 80 HCC patients with TNM stage III/IV disease were NG2-positive but had an unfavorable outcome (Figure 5A, B). Similarly, of the 90 patients with low serum AFP, 54 (60%) had NG2-positive tumors and an unfavorable outcome (Figure 5C, D). Interestingly, 51 (72.8%) of the 70 HCC patients with venous invasion were NG2-positive and had a poor outcome (Figure 5E, F). Conversely, of the 62 patients without venous invasion, 33 (53.2%) with NG2-positive tumors did not have a favorable outcome (Figure 5E, F). These results indicate that high NG2 expression correlated with a shorter survival time.

[bookmark: OLE_LINK286][bookmark: OLE_LINK285]Cox regression analysis
[bookmark: OLE_LINK65][bookmark: OLE_LINK64][bookmark: OLE_LINK74][bookmark: OLE_LINK73][bookmark: OLE_LINK56][bookmark: OLE_LINK55][bookmark: OLE_LINK75][bookmark: OLE_LINK67][bookmark: OLE_LINK66][bookmark: OLE_LINK159][bookmark: OLE_LINK158][bookmark: OLE_LINK157]To further evaluate the prognostic value of NG2 expression, a Cox multivariate proportional hazards regression analysis was performed with all the variables to derive risk estimates related to disease-free and overall survival and to control for confounders. Multivariate analysis (Table 4) of the above-mentioned significant indicators of OS and DFS showed that NG2 expression (P = 0.002), serum AFP (P = 0.003), TNM stage (P = 0.001), and portal vein invasion (P = 0.002) were independent prognostic indicators for OS in HCC patients. Furthermore, NG2 expression (P = 0.003), serum AFP (P = 0.008), TNM stage (P = 0.001), tumor capsule (P = 0.045), and portal vein invasion (P = 0.002) were independent prognostic indicators for DFS in HCC patients (Table 4). NG2 expression in HCC was identified as a powerful prognostic indicator of disease-free and overall survival. 

DISCUSSION
[bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK45][bookmark: OLE_LINK44]This study is the first report to establish NG2 as an independent and powerful prognostic marker for disease progression and survival for patients with surgically resected primary HCC. In this study, we evaluated NG2 expression at both the transcriptional and translational levels in numerous hepatocellular carcinoma tissue samples and corresponding matched adjacent non-tumor tissue samples using qRT-PCR and Western blotting. We found that NG2 mRNA and protein levels were significantly overexpressed in tumor tissue compared with matched adjacent non-tumorous tissue, which was consistent with the IHC analysis. These results suggested that NG2 might play an important role in HCC tumorigenesis. Indeed, NG2 expression has been correlated with the progression of melanoma[7], glioma[9], astrocytoma[10], and myeloid leukemia[18].
[bookmark: OLE_LINK41][bookmark: OLE_LINK40][bookmark: OLE_LINK43][bookmark: OLE_LINK42][bookmark: OLE_LINK211][bookmark: OLE_LINK210][bookmark: OLE_LINK209]We also found that high NG2 expression was significantly correlated with poor tumor differentiation, the presence of vascular invasion, TNM stage and recurrence. In HCC, the correlations between NG2 expression and poor tumor differentiation, TNM stage and the presence of vascular invasion are intriguing. Kaplan-Meier survival analysis revealed a significant correlation between NG2 expression and overall and relapse-free survival. A more comprehensive analysis of the survival data revealed that among patients with TNM stage III/IV disease or the presence of vascular invasion, most patients also had NG2-positive tumors and an unfavorable outcome. However, a large proportion of the patients with TNM stage I/II disease without vascular invasion but with NG2-positive tumors still had an unfavorable outcome. These results indicated that the combination of NG2 expression with current clinicopathological prognostic markers may accurately predict HCC patient prognosis after hepatic resection. The Cox regression analysis demonstrated that NG2 expression was a significant independent predictor of OS and DFS in HCC patients after hepatectomy, increasing its promise as a predictive biomarker. 
[bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: OLE_LINK36][bookmark: OLE_LINK35][bookmark: OLE_LINK34][bookmark: OLE_LINK33]NG2 might play a role in promoting HCC progression and metastasis. Many different signaling mechanisms have been proposed by which NG2 could contribute to malignant transformation and subsequently promote tumor formation and metastasis. The complex mechanisms by which NG2 affects melanoma progression have started to be defined, in particular the association with other cell surface proteins and receptor tyrosine kinases (RTKs) and its central role in modulating the function of these proteins[19]. NG2 is essential to the growth of melanoma tumors through its modulation of integrin function and enhanced growth factor receptor-regulated pathways including sustained activation of ERK 1/2. This activation of integrin, RTK, and ERK 1/2 function by NG2 modulates numerous aspects of tumor progression[20,21]. Expression of a full-length NG2 in RGP human melanoma cells lacking endogenous NG2 expression results in significantly enhanced integrin mediated spreading and FAK activation[22]. As NG2 can activate MMP complexes on melanoma cell surfaces, the collective results implicate NG2 as an important contributing factor to localized invasion at the leading edge of invasive primary tumors[23-25]. Finally, NG2-mediated activation of integrin facilitates enhanced survival of human glioblastoma cells when they were exposed to clinically used chemotherapeutic agents by enhancing sustained activation of AKT via PI3K[22].
NG2 overexpression may induce highly aggressive tumors characterized by increased angiogenesis and a moderately invasive phenotype[26,27]. Indeed, NG2-positive tumors grow more rapidly, have disrupted blood-brain barrier integrity, and exhibit an increased vascular volume fraction[26,28]. The NG2 proteoglycan, whose extended central D2 domain binds to type VI collagen, acts as a link between the cell surface and the extracellular matrix[13]. Similar results have been achieved on laminin 2-coated surfaces[29,30]. The roles of collagen VI and laminin 2 in the brain vasculature and their association with axonal processes enable the migration of NG2-positive glioma cells along blood vessels and nerve fiber tracts[31,32].
This study is limited by its retrospective nature and the inclusion of only patients with resectable tumors. It is possible that these findings pertain only to those patients who have undergone resection. Larger prospective studies examining NG2 are necessary to further validate the usefulness of this system. Suppressing NG2 overexpression may prevent invasive progression and metastatic relapse, which would improve the prognosis and quality of life for HCC patients after hepatic resection. In the near future, targeting the NG2 pathway may be a therapeutic strategy for HCC that assists conventional chemotherapy or radiotherapy. NG2 might play a role in promoting HCC progression and metastasis. However, current studies on the functional roles of NG2 are superficial, and future studies should concentrate on the molecular mechanisms by which NG2 contributes to HCC development and progression.

COMMENTS 
Background
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Neuron-glial antigen 2 (NG2)/chondroitin sulfate proteoglycan is an integral membrane proteoglycan located on the surface of many types of progenitor cells. NG2 is a phylogenetically conserved protein composed of a 280-kDa N-linked glycoprotein and a 450-kDa proteoglycan that plays numerous mediatory roles in the proliferation, migration, and metastasis of melanoma cells. NG2 is expressed on the surface of differentiated malignant cells, progenitor cells, and cancer stem cells in various tumors. Furthermore, NG2 plays a critical role in the growth, migration, and metastasis of tumor cells. Whether NG2 is overexpressed in hepatocellular carcinoma (HCC), whether it is associated with HCC progression, invasion, metastasis, and recurrence, and whether it could be an effective prognostic marker remain unknown. 

Research frontiers
This study utilized immunohistochemistry (IHC) to gauge NG2 expression semiquantitatively based on the number of positive cells and the staining intensity. To confirm the NG2 expression levels observed by IHC, we measured NG2 expression in 30 randomly selected tumor and adjacent noncancerous tissue samples by qRT-PCR and Western blot. Those techniques are highly specific and efficient, easy to control and manipulate, versatile, and time saving.

Innovations and breakthroughs
This study demonstrates that NG2 expression in primary tumor samples was significantly more than that in the adjacent noncancerous tissue samples. In addition, it demonstrated a significant difference in the overall survival of HCC patients with high NG2 expression compared with low NG2 expression.
Furthermore, NG2 expression was independent prognostic indicator for DFS in HCC patients.

Applications
The results of the present study suggest that NG2 expression in HCC was identified as a powerful prognostic indicator of disease-free and overall survival.

Terminology
Overall survival was defined as the period between surgery and death or the last contact. Survivor data at the last follow-up were abridged. Relapse-free survival was defined as the period between surgery and any form of recurrence.

Peer review
The study NG2 overexpression in HCC predicts poor prognosis is an attractive and interesting study, although, as noted by the author, it remains retrospective and is interested only subjects who underwent surgical resection. 
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Figure 1 Neuron-glial antigen 2 protein expression in human hepatic carcinoma and matched adjacent non-tumorous tissues. Neuron-glial antigen 2 expression was examined immunohistochemically in 5 representative pairs of hepatic carcinoma tissue (T) and adjacent non-tumorous tissue (ANT) (100 ×). 
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Figure 2 Neuron-glial antigen 2 mRNA expression in human hepatic carcinoma and matched adjacent non-tumorous tissues. A: The relative Neuron-glial antigen 2 (NG2) protein expression levels were measured by Western blot. NG2 expression significantly increased in hepatic carcinoma tissue (T) compared with matched adjacent non-tumorous tissue (ANT) (n = 30). The horizontal lines represent the mean NG2 protein expression level, and the p-value is from the paired samples t-test; B: Representative Western blot images of NG2 protein expression in 8 sets of human hepatic carcinoma (T) and matched ANT tissues. β-actin expression levels were used as a loading control. C, The relative NG2 mRNA expression levels significantly increased in hepatic carcinoma tissue (T) compared with matched ANT (n = 30). mRNA expression levels were measured by RT-PCR. The horizontal lines represent the mean NG2 mRNA expression levels, and the p-value is from the paired samples t-test. D, NG2 mRNA expression levels were compared in 8 pairs of hepatic carcinoma (T) and matched ANT tissues.
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[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK62][bookmark: OLE_LINK61][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Figure 3 Correlation between neuron-glial antigen 2 expression and clinicopathological features. A: Neuron-glial antigen 2 (NG2) expression in human hepatic carcinoma tissues at different clinical stages (a: TNM stageⅠ; b: TNM stageⅡ; c: TNM stage Ⅲ; d: TNM stageⅣ); B: NG2 protein expression in human hepatic carcinoma tissues with different degrees of differentiation (a: Normal differentiated; b: Well differentiated; c: Moderately differentiated; d: Poorly differentiated); C: NG2 expression in human hepatic carcinoma tissues with portal vein invasion [a, c: Vascular invasion (100 x); b, d: Vascular invasion (400 x)]; D: NG2 expression in vessels within human hepatic carcinoma tissue [a, c: Tumor vessel (200 x); b, d: Tumor vessel (400 x)].
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Figure 4 Kaplan-Meier curves of overall survival (A) and disease-free survival (B) based on neuron-glial antigen 2 expression in hepatocellular carcinoma patients. The p-values were determined using the log-rank test.
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Figure 5 Combination analysis of the survival data. Overall survival (A) and  disease-free survival (B) in hepatocellular carcinoma patients based on NG2 expression and TNM staging. a: TNM stagesⅠ/Ⅱwith NG2 low expression; b: TNM stagesⅠ/Ⅱwith NG2 high expression; c: TNM stages Ⅲ/Ⅳwith NG2 low expression; d: TNM stages Ⅲ/Ⅳwith NG2 high expression; Overall survival (C) and disease-free survival (D) in hepatocellular carcinoma patients based on NG2 expression and serum AFP. a: Low level of serum AFP with NG2 low expression; b: Low level of serum AFP with NG2 high expression; c: High level of serum AFP with NG2 low expression; d: High level of serum AFP with NG2 high expression; Overall survival (E) and disease-free survival (F) in hepatocellular carcinoma patients based on NG2 expression and venous invasion. a: No invasion with NG2 low expression; b: No invasion with NG2 high expression; c: Invasion with NG2 low expression; d: No invasion with NG2 high expression.


Table 1 Relationship between neuron-glial antigen 2 expression and clinicopathological characteristics in hepatocellular carcinoma patients
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Characteristics
	n
	NG2
	[bookmark: OLE_LINK100][bookmark: OLE_LINK101]χ2-value
	P-value

	
	
	High
	Low
	
	

	Hepatocellular carcinoma 
	132
	84
	48
	
	< 0.0001

	Non-tumor liver
	96
	27
	69
	
	

	Total cases
	132
	84
	48
	
	

	Age
	

	[bookmark: _Hlk373248381]≥ 50
	62
	40
	22
	0.039
	0.843

	< 50
	70
	44
	26
	
	

	Sex
	

	[bookmark: _Hlk373248544]Male
	106
	69
	37
	0.494
	0.482

	Female
	26
	15
	11
	
	

	Tumor size
	

	[bookmark: _Hlk373248642]≥ 5 cm
	90
	56
	34
	0.244
	0.621

	< 5 cm
	42
	28
	14
	
	

	TNM stage
	

	[bookmark: OLE_LINK181][bookmark: OLE_LINK182][bookmark: _Hlk373248759]I, II
	52
	25
	27
	[bookmark: OLE_LINK134][bookmark: OLE_LINK135]8.976
	[bookmark: OLE_LINK171][bookmark: OLE_LINK172]0.002

	[bookmark: _Hlk388433517]III, IV
	80
	59
	21
	
	

	Tumor differentiation
	

	[bookmark: _Hlk388434652][bookmark: _Hlk373248836]Well 
	33
	15
	18
	[bookmark: OLE_LINK102][bookmark: OLE_LINK107]9.436
	0.008

	Moderate
	52
	32
	20
	
	

	Poor
	47
	37
	10
	
	

	Serum AFP
	

	[bookmark: _Hlk373248898]≥ 200 ng/dL
	42
	30
	12
	1.616
	0.203

	< 200 ng/dL
	90
	54
	36
	
	

	Recurrence
	

	[bookmark: _Hlk372638983]Yes
	65
	48
	17
	[bookmark: OLE_LINK130][bookmark: OLE_LINK133]5.769
	0.016

	No
	67
	36
	31
	
	

	Invasion
	

	[bookmark: _Hlk372639355]Yes
	70
	51
	19
	[bookmark: OLE_LINK142][bookmark: OLE_LINK149]5.476
	0.019

	No
	62
	33
	29
	
	

	Tumor number
	

	[bookmark: _Hlk373249161]multiple
	31
	19
	12
	0.096
	0.756

	single
	101
	65
	36
	
	

	Tumor capsule
	

	[bookmark: _Hlk373249435]Yes
	58
	33
	25
	2.031
	0.154

	No
	74
	51
	23
	
	


AFP: Alpha fetoprotein; NG2: Neuron-glia antigen 2; HCC: hepatocellular carcinoma; TNM stage: Tumor node metastasis stage.


Table 2 Immunohistochemical scoring system
	[bookmark: OLE_LINK324]Percent positive 
	Score

	[bookmark: OLE_LINK298][bookmark: OLE_LINK299]0%
	0

	1%-10%
	1

	11%-50%
	2

	51%-80%
	3

	> 80%
	4

	Staining intensity
	

	No staining
	0

	Weakly stained
	1

	Moderately stained
	2

	Strongly stained
	3


The neuron-glial antigen 2 (NG2) expression score was calculated by multiplying the percent positive score by the staining intensity score; these scores ranged from 0-12. The tumors were divided into the following groups: negative (-, score of 0), low expression (1+, scores 1-4), moderate expression (2+, scores 5-8), and strong expression (3+, scores 9-12). The NG2 immunohistochemistry results were used to divide the samples into two groups: low expression (0 and 1+) and high expression (2+ and 3+).


Table 3 Univariate analysis of prognostic factors for disease-free survival and overall survival in 132 patients with hepatocellular carcinoma
	Factor
	n
	6-yr disease-free survival (%)
	P-value
	6-yr overall survival (%)
	P-value

	NG2
	
	
	0.000
	
	0.000

	Negative
	84
	[bookmark: OLE_LINK238][bookmark: OLE_LINK239]15.2
	
	[bookmark: OLE_LINK221][bookmark: OLE_LINK222]29.2
	

	Positive
	48
	[bookmark: OLE_LINK240][bookmark: OLE_LINK241]6.7
	
	[bookmark: OLE_LINK223][bookmark: OLE_LINK233]9.5
	

	Age
	
	
	0.946
	
	0.356

	≥ 50
	62
	10.2
	
	21.0
	

	˂ 50
	70
	9.7
	
	31.4
	

	Sex
	
	
	0.281
	
	0.316

	Male
	106
	7.1
	
	23.6
	

	Female
	26
	21.7
	
	38.5
	

	Tumor size
	
	
	0.122
	
	0.116

	≥ 5 cm
	90
	11.8
	
	28.9
	

	< 5 cm
	42
	5.6
	
	21.4
	

	TNM stage
	
	
	0.001
	
	0.003

	I, II
	52
	10.2
	
	34.6
	

	III, IV
	80
	9.7
	
	21.3
	

	Differentiation
	
	
	0.108
	
	0.119

	Well
	33
	23.3
	
	33.3
	

	Moderate
	52
	2.0
	
	9.6
	

	Poor
	47
	9.5
	
	12.8
	

	Serum AFP
	
	
	0.044
	
	0.099

	≥ 200 ng/dL
	42
	2.3
	
	18.0
	

	< 200 ng/dL
	90
	13.6
	
	14.0
	

	Invasion
	
	
	0.000
	
	0.000

	Yes
	70
	7.7
	
	12.9
	

	No
	62
	12.5
	
	21.0
	

	Number
	
	
	0.041
	
	0.057

	multiple
	31
	10.7
	
	16.1
	

	single
	101
	9.7
	
	16.8
	

	Capsule
	
	
	0.064
	
	0.055

	Yes
	58
	14.3
	
	21.6
	

	No
	74
	6.2
	
	32.8
	


NG2: Neuron-glia antigen 2; TNM stage: Tumor node metastasis stage.



Table 4 Multivariate survival analyses of individual parameters correlating with overall survival and disease-free survival: Cox proportional hazards model
	Variables
	Overall survival
	
	Disease-free survival

	
	[bookmark: OLE_LINK150]HR
	(95%CI)
	P-value
	
	HR
	(95%CI)
	P-value

	TNM stage
	[bookmark: OLE_LINK167][bookmark: OLE_LINK170]2.039
	(1.329-3.130)
	0.001
	
	[bookmark: OLE_LINK173][bookmark: OLE_LINK174]2.078
	(1.347-3.206)
	0.001

	Serum AFP
	[bookmark: OLE_LINK165][bookmark: OLE_LINK166]1.903
	(1.247-2.903)
	0.003
	
	[bookmark: OLE_LINK175][bookmark: OLE_LINK176]1.767
	(1.163-2.685)
	0.008

	[bookmark: _Hlk404954671]Tumor capsule
	-
	-
	-
	
	[bookmark: OLE_LINK204][bookmark: OLE_LINK215]0.652
	(0.429-0.991)
	0.045

	Invasion
	[bookmark: OLE_LINK163][bookmark: OLE_LINK164]1.938
	(1.273-2.950)
	0.002
	
	[bookmark: OLE_LINK216][bookmark: OLE_LINK217]1.941
	(1.265-2.980)
	0.002

	NG2
	[bookmark: OLE_LINK153][bookmark: OLE_LINK154]2.035
	(1.302-3.179)
	0.002
	
	[bookmark: OLE_LINK218][bookmark: OLE_LINK219]1.974
	(1.258-3.097)
	0.003


TNM stage: Tumor node metastasis stage; AFP: Alpha fetoprotein; NG2: Neuron-glia antigen 2.
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