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Cystathionine gamma-lyase as
an inflammatory factor and its
link with immune inflammation
in hepatitis B virus-related liver
disease

Chao Jin, Bobin Hu, Hongyu Liu, Rongming Wang, Jianning Jang & Minghua Su™*

We aimed to explore the effectiveness of CTH as a serum inflammation biomarker for HCC. Enzyme-
linked immunosorbent assay was used to detect serum levels of CTH, interleukin-6 (IL-6), C-reactive
protein (CRP), and IL-10. The Scheuer scoring system was used to assess the liver inflammation grading
(significant liver inflammation: 2G2 grade). CTH levels in the HCC group were significantly elevated
(P<0.0001). Of 146 patients, 58.22% exhibited significant liver inflammation. CTH levels in patients
with significant liver inflammation were significantly higher than those in patients with no or mild liver
inflammation (<G 2) (p<0.0001). The area under the Receiver Operating Characteristic (ROC) curve

for CTH in predicting significant hepatitis was 0.77 (sensitivity, 81.2%; specificity,62.3%). There was

a significant positive correlation (r=0.50, p<0.05) between serum CTH levels and histopathological
parameter G. The area under the ROC curve for CTH in predicting hepatocellular carcinoma was

0.83 (sensitivity, 64.6%); specificity, 83.3%). CTH and AFP improved the diagnostic accuracy of HCC.
CTH levels significantly decreased 6 months post-operation (p <0.05). The recurrence of HCC caused
significant increases in CTH levels. Thus, CTH can serve as a serum inflammation marker for HCC.
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Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related deaths worldwide. The Global
Cancer Observatory (GLOBOCAN) report published by the WHO International Agency for Research on Cancer
reports that! in 2020, HCC incidence accounted for 4.7% of global cancer cases, and for 8.3% of cancer-related
deaths, ranking as the 6th most common cancer in incidence and 3rd in mortality. Hepatitis B virus (HBV)
causes HCC. In China, 70% of HCC cases are caused by HBV infection*™. Significant liver inflammation is a
prominent factor in HCC. Accurately assessing the grading of liver inflammation and controlling its progression
early are crucial for improving the long-term prognosis of patients with chronic HBV infection>®.

The cystathionine gamma-lyase (CTH) gene is located on the short arm of chromosome 1, with a full length
of 28,584 bp, composed of 13 exons and 12 introns’. It encodes a cytosolic enzyme: CTH, responsible for the
production of endogenous hydrogen sulfide (H,S)%. H,S/CSE system extensively participates in various cellular
functions®. H.,S is involved in many physiological and pathological processes, such as neural regulation'”,
hypertension!!, pain perception!?, diabetes', inflammation closely related to tumor occurrence', and
angiogenesis'>. CTH can promote the progression of various tumors and is significantly elevated in tumors. One
study'® used tissue microarray technology to detect the expression of CTH in 32 cases of benign testicular tissue,
88 of seminoma, 34 of embryonal carcinoma, 4 of mature teratoma, and 16 of yolk sac tumor, and compared
it with the expression of CSE in benign testicular tissue. Thus, compared to benign testicular tissue, CSE
expression is increased in testicular tumors, but no increase is observed in mature teratomas. CTH expression
is highest in embryonal carcinoma, which typically has a relatively aggressive clinical course. H,S produced by
CTH can promote the occurrence and development of prostate cancer through the interleukin (IL-13/NF-kB)
signaling pathway'”. The abundance and activity of CTH are relatively high in neuroblastoma cells's. However,
the potential molecular mechanisms and immunological progress of CTH in hepatocellular carcinoma (HCC)
remain unclear. Therefore, in this study, we aimed to determine the expression pattern of CTH at different
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stages of HBV-related liver disease and to explore whether CTH can serve as a serum inflammatory biomarker
reflecting disease progression, prognosis, and recurrence in patients with HCC.

Materials and methods

Research subjects

A total of 587 patients with chronic HBV infection were collected from the outpatient departments of the
Infectious Disease and Hepatobiliary Surgery Departments at the First Affiliated Hospital of Guangxi Medical
University from January 2022 to August 2024. Additionally, 57 healthy volunteers with normal blood routine and
biochemical indicators and negative HBV immunological markers were included as a healthy control group.All
blood samples in this study were collected and processed equally .The study was conducted with the informed
consent of the patients and was approved by the Ethics Committee of the First Affiliated Hospital of Guangxi
Medical University (Lot No.: 2024-E726-01).

(1) Inclusion Criteria: (1) Age>18 years; (2) diagnosis of CHB, LC, and HCC according to the “Guidelines
for the Prevention and Treatment of Chronic Hepatitis B (2022 Edition),” “Guidelines for the Diagnosis
and Treatment of Cirrhosis” (2019 Edition), and “Guidelines for the Diagnosis and Treatment of Primary
Liver Cancer (2024 Edition)”; (3) patients in the liver cancer group, with a blood sample collected prior to
undergoing radical surgery, and another blood sample collected six months post-surgery. At the six-month
follow-up, follow-up continued for two years if there was no recurrence. Another blood sample was taken
in case of recurrence.

(2) Exclusion Criteria: (1) Acute HBV infection; (2) Co-infection with hepatitis C virus (HCV) or human
immunodeficiency virus (HIV), and other causes of liver disease (including autoimmune liver disease, alco-
holic liver disease, drug-induced liver injury); (3) Co-existing diseases of other major organs such as heart,
lung, kidney, or malignant tumors; (4) Pregnant or lactating women; and (5) Patients with a history of acute
or chronic inflammation, obesity, diabetes, impaired glucose tolerance (pre-diabetes), or hyperthyroidism
in the past three months.

Each patient underwent a medical history assessment and a clinical evaluation. All participants were tested for
HBsAg, HCV, and HIV.

Data collection

(1) Observation Indicators (1) General Information: Gender, Age; (2) Serum Biochemical Indicators: AST,
ALT, TBIL, AFP; (3) Serum Virological Indicators: HBV DNA, HBsAg; (4) Imaging evaluation of all partic-
ipants was conducted through abdominal ultrasound.

(2) Research Indicator Detection Methods: The serum levels of CTH, IL-6, CRP, and IL-10 were measured us-
ing ELISA kits (double-antibody sandwich enzyme-linked immunosorbent assay) produced by Quanzhou
Ruixin Biotechnology Co., Ltd., from the same batch. The enzyme-linked immunosorbent assay kit was
used for the quantitative detection of CTH, IL-6, CRP, and IL-10, following the specific procedures outlined
in the manual. This kit can be used for the quantitative detection of human CTH, IL-6, CRP, and IL-10
concentrations in samples such as serum, plasma, and cell culture supernatants. Validity period: 6 months;
Storage conditions: 2-8°C. The standard curve for each assay must meet r2>0.99.

(3) Liver biopsy/Surgical pathological tissue examination: Percutaneous liver biopsy was performed under ul-
trasound guidance. All biopsy specimens were fixed in formalin, embedded in paraffin, and stained with
hematoxylin and eosin. In HCC surgical patients, pathological specimens are prepared and submitted for
examination after the excision of the diseased tissue during surgery. The Scheuer scoring system is used to
evaluate liver inflammation, with grades GO-1 considered as no or mild inflammation, while grades G2-4
are considered as significant inflammation or moderate to severe inflammation.

Statistical methods

SPSS 26.0 software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. Data with a normal distribution
are expressed as mean + standard deviation (X+S), and analyzed using analysis of variance; Data with a non-
normal distribution are expressed as median and interquartile range [M(P25, P75)], and analyzed using the
rank-sum test. The comparison of rates between groups was performed using the Chi-square test. Spearman
correlation analysis was used to assess the correlation between CTH and histopathological parameters G, and
the diagnostic capability of anti-CTH for significant inflammation and hepatocellular carcinoma was evaluated
through the Receiver Operating Characteristic (ROC) curve. The cutoff value was determined by the Youden
Index, which represents the best combination of sensitivity and specificity. Statistical significance was defined
as p<0.05.

Results

Patient demographics and clinical characteristics

A total of 644 participants were included in this study and divided into four groups. The healthy control group
comprised 57 healthy individuals, among which 33 (7.35%) were male, and 24 (12.31%) were female, with an
average age of 42.6+13.51 years. The Chronic Hepatitis B group comprised 254 patients, of which 148 (32.96%)
were male and 106 (54.36%) were female, with an average age of 41.11+10.71 years. The Cirrhosis group
comprised 206 patients with cirrhosis following chronic HBV infection, of which 158 (35.19%) were male and
48 (24.62%) were female, with an average age of 49.24+10.58 years. The Liver cancer group comprised 127
patients with hepatitis B-related hepatocellular carcinoma, of which 110 (24.50%) were male and 17 (8.72%)
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were female, with an average age of 53.17 + 11.87 years. There were significant differences among the four study
groups in terms of AST, ALT, TBIL, HBV DNA, HBsAg, and AFP levels (P<0.001). The serum HBsAg level in
the Chronic Hepatitis B group was higher than that in the Cirrhosis group and the Liver Cancer group. The
serum TBIL level in the Cirrhosis group was significantly higher than that in the Healthy Control group, Chronic
Hepatitis B group, and Liver Cancer group. The Liver Cancer group exhibited higher levels of serum AST, ALT,
AFP, and HBV DNA load (Table 1).

Expression levels of CTH, IL-6, CRP, and IL-10 in the healthy control group and chronic HBV
infection group

We used ELISA Kkits to measure serum levels of CTH, IL-6, CRP, and IL-10 in the control and the chronic
HBYV infection group (Fig. 1). Compared to the control group (7.69 +1.83 ng/ml), the serum CTH levels were
significantly increased in the Chronic Hepatitis B group (9.98+1.9 ng/ml), the Cirrhosis group (11.54+1.79
ng/ml), and the Liver Cancer group (13.52+2.21 ng/ml) (P<0.0001) (Fig. 1a). In the Liver Cancer group
(153.43+36.71 pg/ml), the expression level of IL-6 was significantly higher than that in the LC group
(130.87£30.62 pg/ml), the Chronic Hepatitis B group (110.62+31.43 pg/ml), and the Healthy Control group
(103.24+36.68 pg/ml) (P<0.0001). There was no significant difference between the CHB group and the Healthy
Control group (P>0.05) (Fig. 1b). In the liver cancer group, the expression level of CRP (16.6 +4.54 ng/ml) was
significantly higher than that in the LC (13.33+3.74 ng/ml), CHB (11.60+4.02 ng/ml), and healthy control
(9.98 £2.41 ng/ml) groups (P<0.0001) (Fig. 1c). For the cytokine IL-10, there was a significant difference between
the healthy control group (309.56 +106.22 pg/ml) and the chronic hepatitis B (196.22+103.51 pg/ml) (P<0.05),
cirrhosis (178.8+85.61 pg/ml) (P<0.001), and liver cancer (109.07 +74.68 pg/ml) groups (P<0.0001). There
was no significant difference between the CHB group and the LC group (P>0.05). As the disease progressed, the
expression level of IL-10 gradually decreased (Fig. 1d).

Association between serum levels of CTH, IL-6, CRP, and IL-10 and liver inflammation
grading

Asshown in Fig. 2, thelevels of CTH (13.12 + 2.4 ng/ml), IL-6 (155.52 £ 40.5 pg/ml), and CRP (16.28 £4.97 ng/ml)
in patients with significant inflammation (G2-4) were significantly higher than those in patients with no or mild
inflammation (GO0-1) (10.79+2.17 ng/ml, 127.18 £32.2 pg/ml, and 12.26 +5.68 ng/ml, respectively; P<0.0001).
The IL-10 level (99.50+85.02 pg/ml) in patients with significant inflammation (G2-4) was significantly lower
than that in patients with no or mild inflammation (G0-1) (149.62 +89.37 pg/ml), P<0.0001.

The efficacy of serum CTH, IL-6, CRP, and IL-10 in diagnosing significant inflammation

The diagnostic accuracy of serum CTH, IL-6, CRP, and IL-10 for significant inflammation was assessed using
the Receiver Operating Characteristic (ROC) curve (Fig. 3 and Table 2). The area under the curve (AUC) for
predicting significant hepatitis using CTH, IL-6, CRP, and IL-10 levels were 0.77, 0.70, 0.73, and 0.69, respectively
(95% Confidence Intervals:[0.69-0.85)], [0.62-0.79], [0.64-0.82], and [0.60-0.78), respectively, with sensitivities
of 81.2%, 45.9%, 77.6%, and 67.1%, respectively, and specificity is 62.3%, 86.9%, 65.6%, and 68.9% respectively.

Correlation between CTH, IL-6, CRP, and IL-10 and pathological parameter G

In the HBV infection group, CTH (r=0.50, P<0.0001), IL-6 (r=0.33, P<0.0001), and CRP (r=0.37, P<0.0001)
showed a significant positive correlation with G, while IL-10 (r= —0.34, P <0.0001) showed a significant negative
correlation with G (Fig. 4a). In the Chronic Hepatitis B group, CTH (r=0.41, P=0.01) showed a significant
positive correlation with G, while IL-6 (r=0.17, P=0.33), CRP (r=0.23, P=0.17), and IL-10 (r= —0.11, P=0.53)
did not show significant correlations with G (Fig. 4b). In the Cirrhosis group, CTH (r=0.42, P=0.04) exhibited
a significant positive correlation with G, whereas IL-6 (r=0.32, P=0.12), CRP (r=0.29, P=16), and IL-10
(r=-0.32, P=0.12) did not show significant correlations with pathological G (Fig. 4c). In the Liver cancer group,
CTH (r=0.47, P<0.0001), IL-6 (r=0.38, P<0.0001), and CRP (r=0.36, P=0.001) are significantly positively
correlated with G, while IL-10 (- 0.35, P=0.001) shows a significant negative correlation with G (Fig. 4d).

Healthy control group | Chronic hepatitis B | Cirrhosis group | Liver cancer group | Statistical
Variable (N=57) group (N=254) (N=206) (N=127) value P
Age (years) 38 (32.5-52.5) 39 (34-49) 49 (41-57) 54 (45-60) 106.08* <0.0001
Female (%) | 24 (12.31) 106 (54.36) 48 (24.62) 17 (8.72)
Gender (Male/Female) 41.48% <0.0001
Male (%) |33 (7.35) 148 (32.96) 158 (35.19) 110 (24.50)
AST (U/L) 18 (15-23.5) 25(21-33.25) 31 (25-45.25) 36 (26-59) 117.75* <0.0001
ALT/(U/L) 17 (11-24) 26 (17-43) 30 (23-44) 37 (23-58) 69.11* <0.0001
TBIL (umol/L) 12.4 (9.85-17.15) 13.9 (10.7-18.3) 17.15 (11.9-25.4) | 10.9 (7.9-17.7) 53.30* | <0.0001
HBV DNA (log10IU/ml) NA 2.7 (1.3-3.31) 2.7 (1.33-2.84) 3.17 (2.7-5.01) 50.04* <0.0001
HBsAg (log10IU/ml) NA 3.33(2.76-3.77) 3.03 (2.45-3.31) |2.98(2.15-3.31) 34.43* <0.0001
AFP (ng/ml) 2.2 (1.45-3.45) 2.5(1.8-3.73) 3(2-5.7) 30.9 (4-612.9) 138.78* <0.0001

Table 1. Demographic and clinical characteristics of all subjects. AST aspartate aminotransferase; ALT alanine
aminotransferase; TBIL total bilirubin; HBV-DNA hepatitis B virus DNA; HBsAg hepatitis B surface antigen;
AFP alpha-fetoprotein; NA not applicable; *: Kruskal-Wallis test; #: Chi-square test.
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Fig. 1. Expression of CTH, IL-6, CRP, and IL-10 in HI, CHB, LC, and HCC groups (*P<0.05; **P<0.01;
***P<0.001; ****P<0.0001). CHB, chronic hepatitis B; CRP C-reactive protein; CTH Cystathionine y-lyase;
HCC hepatocellular carcinoma; HI healthy control group; IL interleukin.

Serum CTH, IL-6, CRP, IL-10, AFP, and the combined efficacy of CTH + AFP in HCC diagnosis
The ROC curve shows that the area under the curve (AUC) for diagnosing HCC using CTH, IL-6, CRP, IL-10,
and AFP is 0.83, 0.77, 0.78, 0.76, and 0.82, respectively. The combined diagnosis of HCC with AFP+CTH had
an AUC of 0.88, which is superior to any single test value mentioned above (95% confidence intervals: [0.79-
0.87], [0.72-0.81], [0.73-0.82], [0.72-0.81], [0.77-0.86], and [0.84-0.91]), with sensitivities of 64.6%, 77.2%,
68.5%, 60.6%, 70.9%, and 73.2%, respectively, and specificities of 83.3%, 65.0%, 79.8%, 81.7%, 82.2%, and 85.2%,
respectively (Fig. 5 and Table 3).

Association of serum CTH, IL-6, CRP, and IL-10 levels with HCC BCLC staging

In patients with early (BCLC A stage, n=82 cases), intermediate (BCLC B stage, n=17 cases), and advanced
(BCLC C stage, n=28 cases) HCC, the expression of CTH in advanced stage (15.33 +1.98 ng/ml) HCC patients
was higher than in early (12.8 +2.02 ng/ml) and intermediate (13.99 + 1.64 ng/ml) patients (P <0.0001) (Fig. 6a,b).
The expression level of IL-6 in patients with late-stage (164.68 +25.47 pg/ml) HCC was significantly higher than
that in patients with early-stage (148.53 £39.96 pg/ml) HCC (P<0.05). The expression of CRP in patients with
late-stage (18.92+4.81 ng/ml) HCC was higher than that in patients with early-stage (15.92 +4.48 ng/ml) and
mid-stage (16.06+3.12 ng/ml) HCC (P <0.05). There was no significant difference in IL-10 expression among
patients with early-stage, mid-stage, and late-stage HCC patients.
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Fig. 2. The correlation of serum CTH, IL-6, CRP, IL-10 levels with liver inflammation grades. CRP C-reactive
protein; CTH Cystathionine y-lyase; IL interleukin.

Expression levels of serum CTH, IL-6, CRP, and IL-10 in the CHB, LC, preoperative HCC, and
postoperative 6-month HCC groups

Almost all HBV-related HCC in China develops from LC, therefore, further analysis was conducted on the
differences in the expression of CTH, IL-6, CRP, and IL-10 between the CHB group, LC group, preoperative
group, and postoperative 6-month group. In the postoperative 6-month group, the CTH expression level
(10.57 £2.02 ng/ml) was significantly lower than that of the cirrhosis group (11.54 +1.79 ng/ml) (P <0.05), with
no significant difference compared to the chronic Hepatitis B group (Fig. 7a). The pro-inflammatory cytokine
IL-6 expression level in the postoperative 6-month group (142.64+33.34 pg/ml) was significantly higher
than that in the chronic Hepatitis B group (110.62+31.43 pg/ml) and the cirrhosis group (130.87 +30.62 pg/
ml) (Fig. 7b). The expression level CRP in the postoperative 6-month group (12.77 +5.48 ng/ml) showed no
significant difference compared to the chronic Hepatitis B group (11.6+4.02 ng/ml) and the cirrhosis group
(13.33+3.74 ng/ml) (Fig. 7c). In the postoperative 6-month non-recurrence group (131.47+46.84 pg/ml),
the expression level of the anti-inflammatory cytokine IL-10 was significantly lower than that in the chronic
Hepatitis B group (196.22+103.51 pg/ml) and the cirrhosis group (178.8+85.61 pg/ml) (Fig. 7d, Table 4).

Expression levels of CTH, IL-6, CRP, and IL-10 in pre-operative, post-operative, and recurrent
HCC

There is no significant difference in serum expression levels of CTH, IL-6, CRP, and IL-10 between the pre-
operative and recurrent groups. However, compared to the pre-surgery group, the expression level of CTH in
the post-surgery group significantly decreased, and as HCC recurred, the CTH level increased again. The level
of IL-10 showed the opposite trend, with the post-surgery group having significantly higher IL-10 levels than the
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Fig. 3. Receiver operating characteristic curve of serum CTH, IL-6, CRP, and IL-10 levels in predicting
significant liver inflammation. CRP C-reactive protein; CTH Cystathionine y-lyase; IL interleukin.

Parameter | AUC | 95% confidence interval | Critical value | Sensitivity% | Specificity% | P value
CTH 0.77 |0.69-0.85 11.25 81.2 62.3 <0.0001
IL-6 0.70 |0.62-0.79 151.55 45.9 86.9 <0.0001
CRP 0.73 | 0.64-0.82 13.05 77.6 65.6 <0.0001
IL-10 0.69 |0.60-0.78 97.65 67.1 68.9 <0.0001

Table 2. Efficacy of serum CTH, IL-6, CRP, and IL-10 in the diagnosis of significant inflammation. AUC area
under the curve; CRP C-reactive protein; CTH cystathionine y-lyase; IL interleukin.

pre-surgery group, and the IL-10 level decreased with the recurrence of HCC. There was no significant difference
in the levels of IL-6 and CRP between the post-surgery group and the recurrence group (Tables 3, 5, Fig. 8).

Discussion
Chronic inflammation is associated with the occurrence, progression, invasion, and metastasis of tumors®-%7.
HBV-related hepatocellular carcinoma is a typical inflammation-associated malignant tumor?$-%,

In this study, as the disease progressed, the CTH level gradually increased, with the highest levels observed
in the hepatocellular carcinoma group, significantly higher than those in the LC, CHB, and the healthy control
groups. During inflammatory stimulation, the immune response triggered by the activation of Toll-like receptors
(TLR) stimulates the upregulation of CTH and the concomitant production of H,S, which is a pro-inflammatory
mediator produced by the activation of CTH in macrophages®!-*2, further activating macrophages®>. Macrophages
play akey role in the inflammatory response. The long-term high expression of CTH in chronic liver inflammation
reflects the severity and persistence of inflammation of liver tissue. Persistent upregulation signifies that
hepatocytes are constantly undergoing degeneration, necrosis, and regeneration, leading to an imbalance in
the overall liver microenvironment, promoting fibrous proliferation, the formation of pseudo-lobules, and the
gradual progression of chronic hepatitis to the cirrhosis stage**3. A study® introduced the normal hepatocyte
line, HL-7702 and two liver cancer cell lines, HepG2 and PLC/PRF/5. CTH was overexpressed in the liver cancer
cell lines HepG2 and PLC/PRF/5. Inhibition of the endogenous H2S/CSE pathway significantly reduced the
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Fig. 4. Immunohistochemistry images and correlation analysis of CTH, IL-6, CRP, and IL-10 with pathological
parameter G in HBV infection group, CHB, LC, and HCC groups. (a) represents CHB immunohistochemistry;
(b) represents LC immunohistochemistry; Figure c represents HCC immunohistochemistry. The bar

chart indicates HBsAg( +). AFP alpha-fetoprotein; CHB chronic hepatitis B; CRP C-reactive protein; CTH
Cystathionine y-lyase; HBV Hepatitis B virus; HCC hepatocellular carcinoma; IL interleukin; LC cirrhosis.
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Fig. 5. Serum CTH, IL-6, CRP, and IL-10 levels in predicting HCC receiver operating characteristic curve.
CHB chronic hepatitis B; CRP C-reactive protein; CTH Cystathionine y-lyase; HBV hepatitis B virus.

Parameter | AUC | 95% confidence interval | Critical value | Sensitivity% | Specificity% | P-value
CTH 0.83 |0.79-0.87 12.55 64.6 83.3 <0.0001
IL-6 0.77 |0.72-0.81 123.95 77.2 65.0 <0.0001
CRP 0.78 |0.73-0.82 11.95 68.5 79.8 <0.0001
IL-10 0.76 | 0.72-0.81 106.3 60.6 81.7 <0.0001
AFP 0.82 |0.77-0.86 5.85 70.9 82.2 <0.0001
CTH+AFP | 0.88 |0.84-0.91 NA 73.2 85.2 <0.0001

Table 3. Efficacy of serum CTH, IL-6, CRP, IL-10, AFP, and the combination of CTH + AFP in diagnosing
HCC. AFP alpha-fetoprotein; AUC area under the curve; CRP C-reactive protein; CTH cystathionine y-lyase;
IL interleukin.

proliferation of HepG2 and PLC/PRF/5 cells, enhanced the generation of reactive oxygen species (ROS), led
to mitochondrial disruption, exacerbated DNA damage, and increased apoptosis. These findings are consistent
with the results of our experiment, indicating that CTH levels gradually increase with disease progression. Thus,
CTH can serve as a novel inflammatory marker for monitoring disease progression. The pathogenesis of HBV
is not due to the direct action of HBV on the body, but the activation of the body’s immune system following
HBYV infection, which leads to an inflammatory response, ultimately causing liver tissue damage®’~C. Clinical
manifestations include chronic hepatitis, LC, and HCC*-%, The outcome of HBV infection is influenced by
both viral and host characteristics. Innate and adaptive immunity, play a crucial role in initiating and regulating
immune responses. IL-6, CRP, and IL-10 are associated with HBV infection and disease onset. IL-6 is one of
the most important cytokines in the process of HBV infection. It is produced by macrophages, promoting
tumor growth and progression by facilitating chronic inflammation*®. In HBV infection, IL-6 can stimulate the
immune response through infected hepatocytes to eliminate the virus; or it can induce the occurrence of CHB,
LC, and HCC*. Here, the levels of IL-6 in the CHB, LC, and HCC groups were significantly higher than those in
the HI group, confirming the results of the aforementioned studies. C-reactive protein (CRP) is a sensitive acute-
phase reactant synthesized by the human liver. When the body is in an inflammatory state, serum CRP levels
increase. Li et al.*” used a fully automated biochemical analyzer to detect the serum CRP levels in patients with
chronic HBV infection and healthy controls. The differences in serum CRP levels among patients with Chronic
Hepatitis B (CHB), Cirrhosis (LC), and Hepatocellular Carcinoma (HCC) were compared and analyzed. Serum
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Fig. 6. According to the classifications of BCLC system, the correlations (a) serum CTH concentrations (b)
serum IL-6 concentrations (c) serum CRP concentrations (d) serum IL-10 concentrations in different-stage
hepatocellular carcinoma patients. *P<0.05 was defined as statistically significant. CRP C-reactive protein;
CTH Cystathionine y-lyase; IL interleukin.

CRP levels in patients with hepatitis B were significantly elevated (P <0.05). The CRP levels in patients with LC
and HCC were significantly higher than that in those with chronic hepatitis B. This is consistent with the results
of our experiment thus, CRP is a protein marker capable of reflecting various acute and chronic inflammation
diseases?®*°. TL-10 can limit immune cell activation and cytokine production by innate immune cell types®.
Here, the expression level of IL-10 in the HI group was significantly higher than that in the CHB, LC, and
HCC groups, which, in contrast to the expression levels of pro-inflammatory factors CTH, IL-6, and CRP, also
confirmed the other research conclusions.

Current guidelines recommend that accurately assessing the grading of liver inflammation and early
controlling the development of inflammation is crucial for improving the long-term prognosis of patients with
chronic HBV infection. Wu et al.>! explored whether anti-HBc could serve as a predictive indicator for significant
liver inflammation in patients with chronic HBV infection. Overall, 117 patients were included, among whom 50
patients (42.7%) exhibited significant liver inflammation. The serum anti-HBc levels in patients with significant
liver inflammation were significantly higher than that in those with no or mild liver inflammation (<G2)
(p<0.001). The area under the ROC curve for serum anti-HBc in predicting significant liver inflammation was
0.769, with an optimal cutoff value of 10.87 S/CO, a sensitivity of 59.2%, and a specificity of 87.9%. We analyzed
the severity of liver inflammation in patients with chronic HBV infection and assessed the accuracy of CTH, IL-
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Fig. 7. Expression of CTH, IL-6, CRP, and IL-10 in the CHB group, LC group, pre-operative HCC group,
and post-operative 6-month group (*P<0.05; **P<0.01; ***P<0.001; ****P<0.0001). CHB chronic hepatitis
B; CRP C-reactive protein; CTH Cystathionine y-lyase; HCC hepatocellular carcinoma; IL interleukin; LC

cirrhosis.

6, CRP, and IL-10 levels in predicting the presence of significant inflammation. Overall, 58.2% of the patients had
significant inflammation. CTH, IL-6, CRP, and IL-10 had high accuracy in predicting significant inflammation.

CTH, IL-6, CRP, and IL-10 were useful biomarkers for reflecting liver inflammation. Moreover, CTH showed
a significant positive correlation with pathological parameter G in the CHB group, LC group, and HCC group,
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Parameter | CHB group (n=254) | LC group (n=206) | Pre-operative HCC group (n=42) | Post-operative 6-month HCC group (n=42)
CTH 9.98+1.9 11.54+1.79 12.69+£1.66 10.57£2.02

IL-6 110.62+31.43 130.87£30.62 149.56 +44.36 142.64 +33.34

CRP 11.6+4.02 13.33+£3.74 14.49+6.46 12.77 £5.48

IL-10 196.22+103.51 178.8£85.61 80.07 £52.7 131.47 £46.84

Table 4. Levels of CTH, IL-6, CRP, and IL-10 in the CHB, LC, and pre- and post-operative HCC groups. CHB
chronic hepatitis B; CRP C-reactive protein; CTH cystathionine y-lyase; HCC hepatocellular carcinoma; IL
interleukin; LC cirrhosis.

Parameter | Pre-surgery HCC group (n=13) | 6-month post-surgery HCC group (n=13) | HCC recurrence group (n=13)
CTH 12.68+£0.76 10.71£1.35 13.49+2.21

IL-6 149.63 +£48.66 142.28 £30.22 165.22+46.78

CRP 14.46+5.61 12.83+6.52 15.72+£3.33

IL-10 80.05+33.56 131.54+55.19 84.29+46.77

Table 5. Expression Levels of CTH, IL-6, CRP, and IL-10 in Pre-surgery, Post-surgery, and Recurrence Groups
of HCC. CHB chronic hepatitis B; CRP C-reactive protein; CTH cystathionine y-lyase; HCC hepatocellular
carcinoma; IL interleukin; LC cirrhosis.
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Fig. 8. Expression Levels of CTH, IL-6, CRP, and IL-10 in pre-surgery, post-surgery, and recurrence groups of
HCC. CRP C-reactive protein; CTH Cystathionine y-lyase; HCC hepatocellular carcinoma; IL interleukin.

indicating that CTH can be used as a novel and reliable biomarker to assess the persistent state of inflammation
in high-risk Hepatitis B populations and predict the risk of disease occurrence during the early stages of disease.
This provides the feasibility of finding corresponding interventions in the process of chronic inflammation
progressing to liver cancer, thereby preventing or to some extent reversing the development towards cirrhosis
and liver cancer.

Since the discovery of AFP in the 1970s, remained the only widely used serological marker for HCC. However,
its diagnostic capability is debatable. Elevated serum AFP is observed in only 60-70% of HCC patients, and this
proportion drops to just 33-65% in HCC patients with tumors smaller than 3 cm in diameter®>>*. Moreover,
non-specific elevation of serum AFP concentrations occur in patients with non-malignant chronic liver diseases,
such as those with CHB (15-58%) and LC (11-47%)°*->°. Therefore, there is an urgent need to develop more
effective alternative diagnostic methods to supplement AFP and improve clinical outcomes. The ROC curve
in this study indicates that serum CTH, IL-6, CRP, and IL-10 levels contribute to the diagnosis of hepatitis
B-related liver cancer. However, the AUC and specificity of CTH are significantly superior to IL-6, CRP, and
IL-10. Moreover, CTH combined with AFP can effectively diagnose the occurrence of hepatitis B-related liver
cancer.

In over 90% of cases, hepatocellular carcinoma (HCC) develops following cirrhosis. Here, the immune
status of patients in the non-recurrent group 6 months post-operation is similar to that of patients with chronic
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hepatitis B (CHB) and cirrhosis (LC), mainly reflected in their inflammatory phenotype, as they no longer
exhibit the phenotype induced by cancer cells. Therefore, both HCC and cirrhosis significantly affect patient
survival rates and simultaneously determine treatment applicability and effectiveness. The Barcelona staging
system is a Liver cancer clinical staging system, the introduction of which will help assess the patient’s condition,
provide accurate treatment plans, and predict patient prognosis. In this study, among HCC patients, the
expression of CTH in advanced HCC patients was higher than that in early and intermediate-stage patients, and
the CTH level in intermediate-stage HCC patients was higher than that in early-stage patients. The expression
level of IL-6 in advanced HCC patients was significantly higher than that in early-stage HCC patients. CRP
expression in advanced-stage HCC patients is higher than in early and intermediate-stage patients. This indicates
that the expression levels of serum CTH, IL-6, and CRP are closely related to the malignancy of HBV-related
hepatocellular carcinoma. The higher the levels of serum CTH, IL-6, and CRP, the greater the malignancy of
hepatocellular carcinoma and the worse the patient’s prognosis.

CTH expressed in the tumor microenvironment supports the formation of glioblastoma without affecting the
microvascular density of the tumor. Further, High expression of CTH in human GBM tumors is associated with
poorer overall survival. In mouse or human GBM cells, pharmacological inhibition (PAG) or CTH knockdown
(siRNA) can reduce the proliferation, migration, and stem cell formation frequency of GBM cells®’. In this
study, the high preoperative expression of CTH in the HCC group, the significant decrease in CTH levels
postoperatively, and the rise in CTH levels upon recurrence suggest that CTH may be secreted by cancer cells.
The dynamic changes in CTH levels before and after surgery and upon recurrence indicate that CTH can be
used as a biomarker to reflect disease prognosis and recurrence. Chau GY*® and others reported that tumor
cells secrete IL-10 which significantly decrease after hepatocellular carcinoma (HCC) resection. Further, serum
IL-10 concentration is a factor for poor prognosis and can lead to a significantly shortened median survival
period®>®. Contrarily, IL-10 levels measured by Su Z et al. in the liver cancer group were significantly lower than
those in the Chronic Hepatitis B (CHB) group®'. Here, postoperative IL-10 levels increased and decreased after
recurrence, consistent with the findings of Su Z et al.

In conclusion, our study highlight the fluctuation of CTH in the progression of HBV infection-related
diseases. Thus, CTH can serve as a biomarker for the progression of HBV-related diseases. Serum CTH is
an effective diagnostic marker for HCC, complementing AFP. Compared to individual testing, the combined
detection of CTH and AFP improves the diagnostic accuracy for HCC. Serum CTH measurement assess the
persistence of inflammation in high-risk Hepatitis B populations the feasibility of predicting liver cancer risk,
and is an independent marker for prognosis and recurrence in HCC patients.

Data availability
The datasets generated and analyzed during the present study are available from the corresponding author upon
reasonable request.
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