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Abstract: Background: Hepatocellular carcinoma (HCC) is a common malignant tumor with poor prognosis and high mortality worldwide. Although cystathionine-gamma-lyase (CSE) plays an important role in the development of multiple tumors, the clinical implication and potential mechanisms of CSE in HCC development remain elusive. Methods: In our study, the CSE expression in HCC was analyzed in Gene Expression Omnibus (GEO) and The Cancer Genome Atlas (TCGA) datasets and further confirmed by RT-qPCR and immunohistochemistry assays in HCC samples. Furthermore, the associations between CSE expression and HCC malignancy as well as survival were analyzed in GSE14520 and validated in HCC patients. Finally, the biological functions of CSE in HCC cells was assessed by CCK-8, flow cytometry and Western blotting. Results: Lower transcriptional and proteomic CSE expressions were found in HCC tissues in contrast to adjacent normal tissues. Decreased CSE mRNA expression was significantly associated with advanced clinicopathological features and poor outcomes in HCC patients from public database and our cohort. Following univariate and multivariate analyses of GSE14520 data showed that CSE expression was an independent prognostic indicator for the overall survival (OS) and recurrence-free survival (RFS) of HCC patients. In vitro experiments further explained that CSE might trigger HCC cell apoptosis by H2S. Conclusion: In summary, the present study identified the relationship between CSE expression and HCC malignancy as well as OS and RFS, indicating that CSE might be a potential prognostic biomarker and a novel therapeutic target for HCC.
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Abbreviations



	AFP
	Alpha-fetoprotein



	BCLC
	Barcelona Clinic Liver Cancer



	CSE
	Cystathionine-gamma-lyase



	EGFR
	Epidermal growth factor receptor



	GEO
	Gene Expression Omnibus



	HBsAg
	Hepatitis B surface antigen



	HCC
	Hepatocellular carcinoma



	MAPK
	Mitogen-activated protein kinase



	OS
	Overall survival



	RFS
	Recurrence-free survival



	TCGA
	The Cancer Genome Atlas





Introduction

Hepatocellular carcinoma (HCC) is among the most prevalent malignancies and is frequently detected late in clinical practice [1,2]. According to the World Health Organization, HCC is the sixth most common cancer and the third leading cause of cancer-related death worldwide, with a global incidence and mortality rate of around 906,000 and 830,000, respectively [3]. China’s HCC incidence and mortality rates are also growing, with approximately 410,000 new cases and 391,000 deaths in 2020 [3]. The effective treatment for HCC includes surgery, liver transplantation, radiotherapy, and immunological and targeted therapy. A revolution in the treatment of advanced HCC has been made possible by various targeted drugs that extend patients’ survival. However, the overall life expectancy of HCC patients with sorafenib or regorafenib therapy remains poor [4–6]. Identifying potential biomarkers involved in the molecular pathogenesis of HCC is crucial for early diagnosis, prevention, and treatment.

Cystathionine-gamma-lyase (CSE, also known as CTH), encoded by the gene cth, is an important enzyme involved in the transsulfuration pathway, cysteine catabolism and H2S generation. CSE deficiency can lead to oxidative stress, aberrant stress responses, vascular deficits and hyperhomocysteinemia, which is vital in the pathogenesis of neurodegenerative, cardiovascular, pulmonary and cancerous diseases [7–10]. Differential expression and dysfunction of CSE have been reported in various cancers [11–14]. Knowledge about CSE was highly expressed in some tumors, such as ovarian cancer [11], thyroid cancer [12], melanoma [13] and breast adenocarcinoma [14], and CSE promoted proliferation, invasion, and migration of tumor cells and reduced tumor cell apoptosis. CSE expression was downregulated in tumorous tissues in renal cancer [15,16], prostate cancer and urothelial carcinoma [17] as demonstrated by several studies. CSE may serve as a tumor suppressor by promoting apoptosis. Recently, it has been reported that CSE overexpression was observed in HepG2 and PLC/PRF/5 cells, and CSE/H2S could contribute to a resistance of the induction of hepatoma cells apoptosis by epidermal growth factor receptor (EGFR) signal pathway [18]. However, the clinical implications of CSE expression in HCC have not been investigated.

Therefore, the main goal of this work was to analyze the CSE expression and its association with survival in HCC samples from a public database and validate it in our cohort. We further investigated the role of the CSE in HCC cell proliferation and apoptosis to elucidate possible mechanisms in HCC development.

Our study identified the relationship between CSE expression and HCC malignancy as well as OS and RFS, which provides novel evidence for a importance role of CSE in HCC progression and its potential as a prognostic biomarker.

Materials and Methods

Analysis of public databases

We acquired gene expression data and clinical information of HCC from Gene Expression Omnibus (GEO) (GSE14520, GSE45114 and GSE60502; http://www.ncbi.nlm.nih.gov/geo) and The Cancer Genome Atlas (TCGA) (https://portal.gdc.cancer.gov). For clinicopathological characteristics and survival analysis in GSE14520, patients were divided into low (CSE gene expression ≤4.837, N = 124) and high gene expression groups (CSE gene expression >4.837, N = 123) according to the median CSE mRNA expression level in tumorous tissues. Besides, the metastasis risk is determined based on the expression of Gene signature, which is composed of the expression profiles of 161 genes in HCC specimens [19].

Patients

Tumorous and adjacent non-tumorous liver tissues in this study were obtained from 45 HCC patients undergoing hepatectomy at Beijing You’an Hospital, affiliated with Capital Medical University from July 2020 to January 2022. HCC diagnosis was pathologically confirmed. The study protocol was approved by the Ethics Committee of Beijing You’an Hospital Affiliated to Capital Medical University (Approval No. LL-2020- 009-K). All enrolled patients provided written informed consent. Clinical samples obtained from patients were used to examine the expression of CSE mRNA and protein. Detailed specimen clinical information and their associations with CSE mRNA expression are summarized in Table 1.
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Cells

Human normal heptical cell line HL-7702 and two HCC cell lines, HLE and Hep3B cells, were obtained from the Beijing Institute of Hepatology. Dulbecco’s modified Eagle’s medium (DMEM, 11995065, Gibco, Paisley, UK) supplemented with 10% fetal bovine serum (FBS, 10099141C, Gibco, Paisley, UK) and Penicillin-Streptomycin (15140122, Gibco, Paisley, UK) was used to culture the cell lines at 37°C in a 5% CO2 incubator. For experiments, cells plated on 6-well plates were treated with D,L-propargylglycine (PGG) (10 mM; P7888, Sigma, USA) or NaHS (10−3 M; 161527, Sigma, USA).

Quantitative real-time reverse transcription PCR (RT-qPCR)

RT-qPCR were used to evaluate CSE and GAPDH expression. Isolation of total RNA was performed using the TRIzol reagent (15596026, Thermo Fisher Scientific, Carlsbad, CA, USA) and subsequently reverse transcription was carried out with High-Capacity cDNA Reverse Transcription Kits (4368814, Thermo Fisher Scientific, Waltham, MA, USA). RT-qPCR was conducted using the TB Green (RR420A, Takara, Japan) on an ABIV7 machine (GX-XVI R2, Applied Biosystems Life Tech, USA). The 2−ΔΔCt method was used to quantitatively analyze relative mRNA expression levels. Primers of homo sapien used for RT-qPCR were as follows: GAPDH forward were 5′-TGAAGGTCGGAGTCAACGGA-3′ and reverse were 5′-CCTGGAAGATGGTGATGGGAT-3′; CSE forward were 5′-AAGACGCCTCCTCACAAGGT-3′ and reverse were 5′-ATATTCAAAACCCGAGTGCTGG-3′.

Western blotting

Briefly, cells were lysed in ice-cold RIPA lysis buffer (89901, Thermo Fisher Scientific, Waltham, MA, USA) with protease inhibitors, then 40 μg of cell protein were separated using 12% SDS-PAGE and then transferred onto a PVDF membrane. Then membranes were incubated with primary antibodies against GAPDH (#2118, CST, Beverly, MA, USA) or CSE (12217-1-AP, Proteintech, Chicago, USA) overnight at 4°C (dilution ratio 1:1000). Membranes were subsequently incubated with secondary antibodies (#7074, CST, Beverly, MA, USA) for 1 h at room temperature after blocking. By incubating with an enhanced chemiluminescence system (T4580, Thermo Scientific, Waltham, MA, USA), a target protein signal was visualized.

Immunohistochemistry (IHC)

IHC analyses were performed using an HRP kit (DS-0003, Zhongshan Golden Bridge Biotechnology, Beijing, China). Sections of tumor tissue embedded in paraffin were incubated with CSE antibody (1:200; 12217-1-AP, proteintech, Chicago, USA). The mean optical density values of IHC were analyzed using Image-Pro Plus 6.0 software.

H2S detection

The H2S release amount was measured using a Hydrogen sulfide Assay Kit (JEB-11780, Jin Yibai Biological Technology, Nanjing, China) following the manufacturer’s guidelines.

CCK-8

HCC cells proliferation was analyzed using Cell count KIT-8 assay (CCK8; M4839, AbMole, USA) according to the instruction. The percentage of cell viability was calculated as [(A450 sample-background)/(A450 control-backgroud)] × 100%.

Cell apoptosis analysis

An Annexin V-FITC/PI Apoptosis Detection Kit (40302ES20, Yeasen, Shanghai, China) was used to evaluate cell apoptosis. Briefly, cells were collected and incubated with 5 µL Annexin V-FITC and 10 µL PI for 15 min after treatment, detected within one hour by flow cytometry.

Statistical analysis

Statistical analyses were performed using the SPSS software (version 23.0). Statistical significance was determined using the Student’s t-test, ANOVA-test, χ2 test or Fisher’s exact test. Survival analyses were performed using the Kaplan–Meier method and the log rank test. Cox proportional hazard model was used to find independent predictors for HCC patients. Statistical difference was considered significant at p ≤ 0.05.

Results

Decreased expression of the CSE gene in HCC tissues in multiple cohorts

We initially evaluated CSE mRNA expression levels based on RNA-sequence data in multiple HCC studies from GEO and TCGA databases. Analysis of GSE14520, GSE45114, GSE60502 and TCGA databases revealed that CSE mRNA expression was significantly reduced in tumorous tissues relative to adjacent non-tumorous tissues (p all < 0.0001), as shown in Fig. 1. These results suggested that CSE transcriptional levels decreased in HCC tissues compared to normal tissues.
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Figure 1: CSE expression in HCC tumor tissues and adjacent normal tissues in multiple cohorts. (A–C) CSE mRNA expression was lowly expressed in cancerous tissues compared with adjacent non-cancerous tissues in GSE14520 (N = 214; ****p < 0.0001), GSE45114 (N = 23; **** p < 0.0001) and GSE60502 (N = 18; ****p < 0.0001). (D) Transcriptional level of CSE expression was observed significantly decreased in HCC tissues relative to adjacent normal tissues in TCGA cohort (****p < 0.0001). Statistical significance with a p-value less than 0.05 was determined by the Student’s t-test.

CSE expression was associated with malignant clinicopathological features and poor clinical outcomes in the GEO cohort

We next examined the association of CSE expression with clinicopathological indexes in GSE14520. As shown in Fig. 2, the clinicopathological association analysis in the 247 HCCs showed that the low CSE expression was closely correlated with advanced clinicopathological features, including high Barcelona Clinic Liver Cancer (BCLC) stage (Fig. 2A; p < 0.01), high alpha-fetoprotein (AFP) levels (Fig. 2B; p < 0.0001), greater tumor multinodular (Fig. 2C; p < 0.05) and even higher metastasis risk (Fig. 2D; p < 0.0001). Furthermore, we assessed the correlations between CSE expression and the survival outcomes in GSE14520. The Kaplan-Meier analysis found that HCC patients with low CSE expression showed reductions in overall survival (OS; Log-rank, 9.77; p = 0.002; Fig. 2E) and recurrence-free survival (RFS; Log-rank, 4.042; p = 0.044; Fig. 2F). Furthermore, the Cox proportional hazard model evaluated prognostic factors for HCC patient survival in GSE14520. As indicated in Tables 2 and 3, Univariate Cox regression analysis found that tumor size and BCLC HCC stage were significant both in OS and RFS. Low CSE expression correlated with poor OS (HR = 1.908; p = 0.002; Table 2) and poor RFS (HR = 1.411; p = 0.046; Table 3). In multivariate Cox regression analysis, traditional prognostic factors such as tumor nodule number, cirrhosis and BCLC HCC stage were relevant to OS (Table 2). Moreover, gender and BCLC HCC stage were closely associated with RFS (Table 3). Low CSE expression was significantly related to poor OS in HCC patients (HR = 1.63; p = 0.032; Table 2). These findings indicated that low CSE expression could be an independent prognostic predictor for HCC patients.
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Figure 2: CSE mRNA expressions significantly was correlated with advanced tumor features and poor clinical outcomes in HCC patients from GSE14520. (A–D) Transcriptional expression of CSE was significantly correlated with Barcelona Clinic Liver Cancer (BCLC) stage (p < 0.01), alpha-fetoprotein (AFP) levels (p < 0.0001), tumor multinodular (p < 0.05) and metastasis risk (p < 0.0001). Statistical significance with a p-value less than 0.05 was determined by χ2 test or Fisher’s exact test. (E–F) Survival analyses by Kaplan–Meier method and the log rank test indicated that patients with low CSE mRNA expression showed poor overall survival (OS; p = 0.002) and recurrence-free survival (RFS; p = 0.044) in 247 HCC patients (All *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
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CSE suppressed proliferation and promoted apoptosis in HCC cells

To explore the CSE biological function in HCC progression, we compared its expression in HCC cell lines to that of an immortalized human normal hepatic cell line. Western blotting results showed that CSE protein expression was decreased in HCC cell lines, including HLE and Hep3B cells, compared to human hepatic immortalized cell line HL-7702 (p < 0.05; Fig. 3A).
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Figure 3: CSE promote proliferation and suppress HCC cells apoptosis. (A) Western blotting analysis of CSE and its column plot for HLE and Hep3B cells using ANOVA-test. (B) CSE analysis by Western blotting and its column plot for the HLE and Hep3B cells treated with PPG using Students’ t-test. (C) ELISA analysis of H2S in HLE and Hep3B cells treated with PPG using Students’ t-test. (D) CCK-8 analysis of proliferation of HLE and Hep3B cells treated with PPG or NaHS using ANOVA-test. (E) Flow cytometric analysis of apoptosis of HLE and Hep3B cells treated with PPG or NaHS using ANOVA-test. The results from three independent experiments were expressed as mean ± SD (n = 3), *p < 0.05.

To further investigate the CSE effect in HCC cell proliferation and apoptosis, we next blocked CSE expression with PPG, a specific CSE blocker. We also found that PPG notably reduced CSE expression and H2S in two HCC cell lines by Western blotting (p < 0.05; Fig. 3B) and ELISA (p < 0.05; Fig. 3C). CCK-8 results displayed that the cell proliferation vitality was induced When CSE was blocked but was greatly reduced in HLE and Hep3B cells treated by NaHS, as an exogenous H2S donor (p < 0.05; Fig. 3D). Flow cytometric study revealed that PPG lowered apoptotic rates in HLE and Hep3B cells relative to the control group, but NaHS significantly enhanced apoptosis (p < 0.05; Fig. 3E). On the other side, the effect of CSE was also confirmed through transfection of the cse gene into HCC cells, which indicated that CSE overexpression prevented proliferation and promoted apoptosis in HLE and Hep3B cells by H2S production (Suppl. Fig. S1). These data suggest that CSE may play an important role in HCC cells proliferation and apoptosis.

Validation of CSE expression in association with poor outcome in our cohort

To confirm the CSE transcriptional level differences in HCC, RT-qPCR was performed on 45 paired tumor samples from our cohort. As shown in Fig. 4A, CSE mRNA expression was identified to be downregulated in tumorous tissues relative to non-tumorous tissues (p < 0.05). To evaluate CSE protein expression in HCC tumor samples, we performed IHC staining and found that CSE protein expression was much lower in tumor tissues than in adjacent normal tissues (p < 0.05; Fig. 4B). We further verified the association between CSE mRNA expression, tumor characteristics, and survival outcomes in 45 HCC patients. According to the median value of CSE mRNA expression in tumorous tissues, we divided 45 patients into a group with high CSE expression (CSE mRNA expression ≥0.99, N = 23) and a group with low CSE expression (CSE mRNA expression <0.99, N = 22). As shown in Table 1, the low CSE expression group exhibited greater portal invasion and higher BCLC stage than the high CSE expression group (p all < 0.05). Additionally, we noted that the CSE low-expression group exhibited poor OS (Log-rank, 3.882; p = 0.048; Fig. 4C) and RFS (Log-rank, 3.226; p = 0.073; Fig. 4D). According to these findings, low CSE expression significantly predicted advanced clinicopathological features and poor clinical outcomes in HCC patients.
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Figure 4: CSE expression and it is association with survival outcomes in our cohort. (A) CSE mRNA expression difference in 45 paired tumor and normal tissues by RT-qPCR assay using Students’ t-test. (B) Immunohistochemistry staining of CSE in carcinoma tissue and carcinoma adjacent tissue using Students’ t-test (Scale bars: 40 μm). (C–D) Relationship between CSE mRNA expression level and OS (p = 0.048) and RFS (p = 0.073) in 45 HCC patients using Kaplan–Meier method and the log rank test. *p < 0.05.

Discussion

Increasing evidence suggests that CSE functions in liver pathology and liver disorders, influencing multiple biological processes, including cysteine catabolism, hepatic lipid metabolism, oxidative stress, mitochondrial bioenergetics, nonalcoholic fatty liver disease, cirrhosis, and liver cancer [20–23]. CSE is highly expressed in the healthy liver [24,25] and, indeed, is diminished in a mouse model for hepatic ischemia-reperfusion injury, nonalcoholic fatty liver disease, hepatitis, and fibrosis [26–29]. Defects in CSE have been shown to promote pro-inflammatory cytokines in the liver and exacerbate acute hepatitis and liver fibrosis by reducing H2S release from cysteine in the liver [28]. Another study revealed that CSE expression was decreased in both an in vitro cell model and an in vivo animal model of nonalcoholic fatty liver disease, and inhibition of CSE activity accelerated intracellular lipid accumulation. It worsened lipogenesis, inflammation, and fibrosis [29]. However, the clinical implications of CSE expression in HCC have not been reported. The current study revealed that CSE was weakly expressed in tumorous tissues compared to adjacent non-tumorous tissues both in databases and HCC patients and was also decreased in HCC cell lines, HLE and Hep3B cells. Our studies from both in vivo and in vitro indicated that CSE was significantly reduced in HCC and could be used as a potential biomarker for HCC.

The prognostic value of CSE expression in thyroid cancer, pancreatic adenocarcinoma, and prostate cancer has been studied [12,30,31]. However, its prognostic value in other cancers, including HCC, remains unknown. It has been reported that CSE overexpression was correlated with the TNM stage in prostate cancer, and patients with high CSE expression had a shorter OS than those with low expression [30]. In our study, CSE expression in GSE14520 was notably associated with the tumor’s malignancy, such as BCLC stage, AFP levels, tumor multinodular and metastasis risk. Furthermore, reduced CSE expression was significantly correlated with shorter OS and RSF time by univariate and multivariate analysis of GSE14520. Our cohort confirmed that decreased CSE expression was significantly associated with advanced clinicopathological characteristics and poor clinical survival, suggesting that low CSE levels may be an independent biomarker for clinical survival in HCC patients.

As the essential enzyme for H2S generation, CSE exerted both pro-apoptotic and anti-apoptotic effects on tumor growth, according to an increasing number of studies [15,18,32]. For example, CSE was shown to be overexpressed in hepatoma HepG2 and PLC/PRF/5 cells. Reduced expression of CSE/H2S could suppress the excessive growth of HCC cells by stimulating mitochondrial apoptosis and suppressing the EGFR signal pathway [18]. It has also been reported that suppression of CSE/H2S in Nasopharyngeal carcinoma (NPC) cells restrained tumor growth through promoting apoptosis and inhibiting proliferation and angiogenesis via ROS-mediated mitogen-activated protein kinase (MAPK) and PI3K/AKT/mTOR pathways [32]. However, another study showed that in clear cell renal cell carcinoma, inhibition of H2S-producing enzymes, mainly CSE might contribute to the suppression of apoptosis by endogenous H2S [15]. Recently, a study found that CSE/H2S was impaired in urothelial carcinoma and overexpression of CSE/H2S inhibited cell proliferation and promoted apoptosis [17]. Consistent with the apoptosis-inducting effect in tumor of CSE/H2S, the results of our study also indicated that CSE might contribute to enhancing apoptosis and suppressing proliferation via H2S in HCC cells. These findings suggested that the CSE deregulation and its significant correlation with malignant phenotype and poor prognosis of HCC might be due to its crucial role in tumor cell apoptosis.

In conclusion, our findings revealed that CSE expression was decreased in HCC. Additionally, we found that decreased CSE expression was associated with poor clinicopathological features and clinical survival in HCC patients. Further, our study suggests a novel hypothesis that CSE may impact the progress of HCC through its effects on HCC apoptosis by H2S, illuminating that CSE/H2S could act as a potential target for HCC treatment. However, this study has some limitations, and further clinical or experimental investigation will be needed to explore the underlying mechanism.
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Figure S1: The effects of CSE overexpression in HCC cell proliferation and apoptosis. (A) Western blotting analysis of CSE protein expression in HLE and Hep3B cells transfected with CSE-expressing plasmid using Students’ t-test. (B) ELISA analysis of H2S in HLE and Hep3B cells transfected with CSE-expressing plasmid using Students’ t-test. (C) CCK-8 analysis of proliferation of HLE and Hep3B cells transfected with CSE-expressing plasmid or NaHS using ANOVA-test. (D) Flow cytometric analysis of apoptosis of HLE and Hep3B cells transfected with CSE-expressing plasmid or NaHS using ANOVA-test. The results from three independent experiments were expressed as mean ± SD (n = 3), *p < 0.05.
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TABLE 1

Correlation between CSE expressions with clinicpathological
characteristics of HCC

Feature Low expression of High expression of p-value
CSE (n = 22) CSE (n = 23)

Gender 0.4140

Male 20 18

Female 2 5

Age (years) >0.9999

<50 12 12

>50 10 11

HBsAg >0.9999

Positive 19 19

Negative 3 4

Tumor size 0.2214

(cm)

<3 6 11

>3 16 12

Tumor 0.4591

number

Single 17 20

Multiple 5 3

Portal 0.0287

invasion

No 11 19

Yes 11 4

Serum AFP 0.7683

(ug/L)

<20 11 10

>20 11 13

BCLC HCC 0.0124

stage

A 5 10

B 5 10

C 12 3
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TABLE 3

Univariate and multivariate Cox regression analysis of risk factors associated with recurrence free survival in GSE 14520

Variables Univariate analysis Multivariate analysis
HR 95% CI p-value HR 95% CI p-value

CSE expression (high vs. low) 1411 1.007-1.977 0.046 1.212 0.846-1.736 0.295
Gender (male vs. female) 2.359 1.238-4.493 0.009 2.153 1.113-4.165 0.023
Age (>50 vs. <50) 1.079 0.771-1.511 0.657

HBsAg (positive vs. negative) 0.864 0.319-2.341 0.773

Tumor size (>3 cm vs. <3 cm) 1.424 1.008-2.012 0.045 0.944 0.632-1.41 0.779
Tumor nodule number (multiple vs. single) 1.353 0.913-2.005 0.132

Cirrhosis (presence vs. absence) 2.003 0.936-4.287 0.074

AFP (>20 ug/L vs. <20 ug/L) 1.314 0.937-1.842 0.113

BCLC HCC stage (A vs. B+C) 0.383 0.261-0.562 0.00 0.422 0.274-0.65 0.00
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TABLE 2

Univariate and multivariate Cox regression analysis of risk factors associated with overall survival in GSE 14520

Variables Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value
CSE expression (high vs. low) 1.908 1.266-2.874 0.002 1.63 1.043-2.548 0.032
Gender (male vs. female) 1.858 0.901-3.833 0.094
Age (>50 vs. <50) 0.921 0.617-1.375 0.687
HBsAg (positive vs. negative) 1.393 0.343-5.664 0.643
Tumor size (>3 cm vs. <3 cm) 1.96 1.309-2.933 0.001 1.192 0.721-1.97 0.493
Tumor nodule number (multiple vs. single) 1.653 1.064-2.569 0.025 0.427 0.223-0.818 0.01
Cirrhosis (presence vs. absence) 5.093 1.255-20.671 0.023 4.639 1.134-18.975 0.033
AFP (>20 ug/L vs. <20 ug/L) 1.686 1.126-2.527 0.011 1.184 0.762-1.839 0.453

BCLC HCC stage (A vs. B+C) 0.28 0.181-0.433 0.00 0.204 0.104-0.402 0.00
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