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Increase in Serum Soluble Tim-3 Level Is Related to the Progression of Diseases After Hepatitis Virus Infection
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Background: Viral hepatitis is a widespread and serious infectious disease, and most patients with liver cirrhosis and hepatocellular carcinoma are prone to viral infections. T cell immunoglobulin-and mucin-domain-containing molecule-3 (Tim-3) is an immune checkpoint molecule that negatively regulates T cell responses, playing an extremely important role in controlling infectious diseases. However, reports about the role of serum soluble Tim-3 (sTim-3) in hepatitis virus infection are limited. Therefore, this study explored changes in sTim-3 levels in patients infected with hepatitis B virus (HBV), hepatitis C virus (HCV), and hepatitis E virus (HEV).

Methods: This study applied high-sensitivity time-resolved fluorescence immunoassay for the detection of sTim-3 levels. A total of 205 cases of viral hepatitis infection (68 cases of HBV infection, 60 cases of HCV infection, and 77 cases of HEV virus infection) and 88 healthy controls were quantitatively determined. The changes in serum sTim-3 level and its clinical value in hepatitis virus infection were analyzed.

Results: Patients with HBV infection (14.00, 10.78–20.45 ng/mL), HCV infection (15.99, 11.83–27.00 ng/mL), or HEV infection (19.09, 10.85–33.93 ng/mL) had significantly higher sTim-3 levels than that in the healthy control group (7.69, 6.14–10.22 ng/mL, P < 0.0001). Patients with hepatitis and fibrosis infected with HBV (22.76, 12.82–37.53 ng/mL), HCV (33.06, 16.36–39.30 ng/mL), and HEV (28.90, 17.95–35.94 ng/mL) had significantly higher sTim-3 levels than patients with hepatitis without fibrosis (13.29, 7.75–17.28; 13.86, 11.48–18.64; 14.77, 9.79–29.79 ng/mL; P < 0.05).

Conclusion: sTim-3 level was elevated in patients infected with HBV, HCV, or HEV and gradually increased in patients with either hepatitis or hepatitis with hepatic fibrosis. It has a certain role in the evaluation of the course of a disease after hepatitis virus infection.
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INTRODUCTION

Hepatitis virus infection is one of the major public health concerns globally with high mortality and morbidity, affecting hundreds of millions of people (1). In addition to hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis D virus (HDV), and hepatitis E virus (HEV) cause chronic infections. HBV and HCV are the main causes of chronic diseases and liver cancer (2). Viral hepatitis is caused by the complex interaction between the replication of the hepatitis virus and the host immune response (3). CD8 + T cells play an important role in immune response to viral infections. In acute hepatitis virus infection, CD8 + T cells mainly eliminate the virus by producing tumor necrosis factor-α (TNF-α) and interferon-γ (IFN-γ) (4). In chronic hepatitis infection, as infection progresses, the effector functions of T cells gradually decrease (including the reduction of proliferation and cytotoxicity), and their ability to produce IL-2, TNF-α, and IFN-γ decreases (5, 6). That is, CD8 + T cells show a depleted phenotype. The degree of depletion of hepatitis virus-specific CD8 + T cells showcase varying clinical results (7–10).

T cell immunoglobulin-and mucin-domain-containing molecule-3 (Tim-3) is a type I transmembrane protein that negatively regulates immune response and is involved in the dysfunction and failure of CD8 + T cells in HBV and HCV infections (11). Tim-3 expression increases in HBV/HCV-specific CD8 + T cells, and this increase is related to the failure of CD8 + T cells in patients with HBV/HCV infection (12–15). In addition, the combination of Tim-3 and its ligand galectin-9 can increase the expression level of the Tim-3 protein during the activation of regulatory T (Treg) cells, and the increase in Tim-3 level can induce helper T lymphocyte 1 (Th1) cell apoptosis and inhibit Th1-type immune response, thereby regulating Th1/Th2 balance in patients with hepatitis B (13, 16). The immune function of membrane-bound Tim-3 during chronic HBV and chronic HCV infection and its role in diseases has been explored, but the clinical importance of changes in serum soluble Tim3 (sTim-3) levels during viral hepatitis, especially HEV infection, remains unclear. Therefore, this study detected the level of sTim-3 in the serum of patients with different viral hepatitis infections (HBV, HCV, and HEV), and analyzed the diagnostic value of serum sTim-3 in these patients.



PATIENTS AND METHODS


Serum Samples

A total of 205 patients with hepatitis virus infection from Zhejiang Xiaoshan Hospital and Wuxi NO.5 People’s Hospital were included in the study. Patients comprising 68 patients infected with HBV (46 patients with hepatitis and 22 patients with hepatitis and fibrosis), 60 patients infected with HCV (47 patients with hepatitis and 13 patients with hepatitis and fibrosis), and 77 patients infected with HCV (50 patients with hepatitis and 27 patients with hepatitis and fibrosis). In addition, 88 healthy individuals were also included in the study. The samples were included in two batches successively. The first batch included 50 healthy people, 90 hepatitis patients, and 32 patients with hepatitis and fibrosis. The first batch was included from 2020.1 to 2020.6. The second batch was included 38 healthy people, 53 hepatitis patients, and 30 patients with hepatitis and fibrosis. The second batch was included from 2020.7 to 2020.12. The healthy control group was composed of adults who came to the hospital for physical examination and had no history of liver disease and were negative for HBV, HCV, and HEV infections. A total of 68 patients tested positive for hepatitis B surface antigen positivity, 60 patients tested positive for anti-HCV IgG positivity, and 77 patients tested positive for anti-HEV IgG positivity. Patients with hepatitis and fibrosis had undergone liver biopsy with significant fibrosis (METAVIR status F3-F4; F3, numerous septa without cirrhosis; and F4, cirrhosis). A complete medical history was taken and physical examination carried out in all patients and controls. Exclusion criteria were HIV infection, HAV infection, auto-immune hepatitis, non-alcoholic fatty liver diseases (excluded based on histopathological findings), patients with uncontrolled psychiatric disorders, cardiac diseases (cardiomyopathy, arrhythmias, ischemia, myocarditis and significant valvular disease), severe comorbid diseases (renal failure, hypertension), congenital liver disease, a history of alcohol intake and pregnancy.

Serum collection and storage: venous blood (5 mL) was collected from each participant and centrifuged at 4,000 rpm for 10 min. The supernatant (serum) was stored at −80°C for subsequent use. Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin (ALB), hyaluronic acid (HA), direct bilirubin (Dbil), hepatitis B surface antigen (HBsAg), and total bilirubin (Tbil) were provided by the hospital.

The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki. Written informed consent was obtained from all patients and the study was approved by the hospital’s ethics committee (approval no. 2020-023-1).



Detection Methods

Reagents and instruments: two monoclonal antibodies against different Tim-3 epitopes (capture and detection antibody), and Tim-3 antigen were purchased from Sino Biological Inc. (Beijing, China). The enhancement solution was provided by Zhejiang Boshi Biotechnology Co., Ltd., ProClin-300, Tris, Sephadex-G50, bovine serum albumin (BSA), and other reagents were purchased from Shanghai Xibao Biotechnology Company (Beijing, China).

A time-resolved immunofluorescence analyzer was purchased from Foshan Daan Medical Equipment Co., Ltd., and 96-well plates were purchased from Xiamen Yunpeng Technology Development Co., Ltd.

Buffer compositions: coating buffer (50 mmol/L Na2CO3-NaHCO3; pH 9.6); elution buffer (50 mmol/L Tris-HCl, 0.2% BSA, and 0.05% ProClin; pH 7.8); washing buffer (50 mmol/L Tris-HCl, 0.9% NaCl, 0.02% Tween-20, and 0.01% Proclin300; pH 7.8); blocking solution (50 mmol/L Tris-HCl, 0.9% NaCl, 1% BSA, and 0.05% NaN3; pH 7.8); labeling buffer (50 mmol/L Na2CO3-NaHCO3; pH 9.0); analysis buffer (50 mmol/L Tris-HCl, 0.9% NaCl, 0.5% BSA, 0.0008% DTPA, 0.0005% PHloxine B, 0.01% Tween-40, and 0.05% Proclin300; pH 7.8).

TRFIA’s double antibody sandwich method for sTim-3 detection. The experimental steps were as follows (17):


•(1) Antibody coating: the capture antibody was diluted to 2 μg/mL with coating buffer, and 100 μL of the diluted capture antibody solution was added to each well of the 96-well plate and overnight at 4°C. The plate was washed once with washing buffer, and 150 μL of blocking solution was added to each well. After blocking at room temperature for 2 h, the blocking solution was discarded. After drying, stored at −20°C until further use.

•(2) Labeling antibody: 300 μg of the detection antibody was added to an ultrafiltration tube. Through ultrafiltration, the buffer of the antibody to be detected was converted into a labeling buffer with pH 9.0. The collected antibody was mixed with 30 μL of 2 mg/mL diethylenetriaminetriacetic acid (DTTA)-Eu3+, and the mixture was incubated at 30°C overnight. The next day, the labeled antibody was purified with Sephadex G50 and elution buffer. Finally, the Eu3+-labeled antibody (Eu3+-McAb) was collected and stored at −20°C.

•(3) The sTim-3 antigen was diluted with analysis buffer to different concentrations (6.25, 12.5, 25, 50, and 100 ng/mL), and a concentration of 0 indicated the standard buffer.

•(4) Determination of sTim-3 concentration in serum: 100 μL of standard solution or serum sample were added to a 96-well microtiter plate coated with anti-Tim-3 capture antibody. The plate was incubated at 37°C with shaking for 1 h and washed twice with washing buffer. Then, 100 μL of Eu3+-McAb (diluted 1:1000 with assay buffer) was added to each well, incubated at 37°C for 1 h, and washed six times with washing buffer. Approximately 100 μL of enhancement solution was added to each well, and the plate was incubated with shaking for 3 min. Finally, a time-resolved immunofluorescence analyzer was used to measure the fluorescence counts.





Statistical Analysis

Data were expressed as median or quartile. Statistical analysis was performed using SPSS software version 21.0 (IBM Corporation, Armonk, NY, United States). Mann–Whitney test was performed for the comparison of serum indicator levels in the patients v/s controls. Binary regression was used to analyze influencing factors. The correlations among the values were determined by calculating Spearman’s correlation coefficient. GraphPad Prism (GraphPad Software Company) was used in drawing the receiver operating characteristic (ROC) curve for the determination of the best cutoff value of sTim-3 level and evaluation of the sTim-3 performance in distinguishing between the hepatitis and hepatitis with fibrosis groups.




RESULTS


Association of Serum Soluble Tim-3 Levels in Hepatitis B Virus, Hepatitis C Virus, and Hepatitis E Virus Infection-Associated Disease Conditions

Figure 1 shows that the sTim-3 concentrations in patients infected with HBV (14.00, 10.78–20.45 ng/mL), HCV (15.99, 11.83–27.00 ng/mL), or HEV (19.09, 10.85–33.93 ng/mL) were significantly higher than those in the healthy controls (7.69, 6.14–10.22 ng/mL, P < 0.0001). The sTim-3 concentrations in the HEV-infected patients were significantly higher than those in the HBV-infected patients (P < 0.01).
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FIGURE 1. sTim-3 content in uninfected v/s in patients infected with HBV, HCV, and HEV. *P < 0.05; ****P < 0.0001.




Logistic Analysis of Factors Influencing Hepatitis or Liver Fibrosis After Hepatitis B Virus, Hepatitis C Virus, and Hepatitis E Virus Infection

Table 1 showing occurrence of hepatitis with or without fibrosis as the outcome variable, with gender, age, ALT, AST, ALB, Dbil, and sTim-3 levels as independent variables for logistic regression analysis. ALT (OR = 1.060, P < 0.0001; 1.047, P = 0.001; 1.052, P < 0.0001), AST (OR = 1.153, P < 0.0001; 1.138, P < 0.0001; 1.142, P < 0.0001), ALB (OR = 1.468, P < 0.0001; 1.400, P < 0.0001; 1.397, P < 0.0001), Dbil (OR = 4.274, P < 0.0001; 2.939, P < 0.0001; 2.528, P < 0.0001) and sTim-3 (OR = 1.332, P < 0.0001; 1.416, P < 0.0001; 1.386, P < 0.0001) were independent risk factors for hepatitis or liver fibrosis after HBV, HCV, and HEV infection, respectively.


TABLE 1. Logistic analysis of factors influencing hepatitis or liver fibrosis after HBV, HCV and HEV infection.
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Correlations of Serum Soluble Tim-3 Levels With Other Parameters

As shown in Figure 2, the sTim-3 levels in patients with HBV, HCV, or HEV infection were highly positively correlated to serum ALT (r = 0.223, P = 0.001), AST (r = 0.467, P < 0.0001), Dbli (r = 0.572, P < 0.0001), and Tbil (r = 0.393, P < 0.0001) and significantly negatively correlated with serum ALB (r = −0.367, P < 0.0001). Next, we checked for any possible correlation between HBsAg and sTim-3 levels in HBV infection. As shown in Figure 2F, we analyzed the correlation between the levels of hepatitis B virus surface antigen and sTim-3 in patients with hepatitis B virus infection; the result showed that the correlation between HBsAg and sTim-3 was not significant (r = -0.103, P = 0.5311).
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FIGURE 2. Relationship between sTim-3 levels and liver function indexes in patients with hepatitis virus infection. (A) Correlation analysis of sTim-3 and ALT levels showed a significant positive correlation. (B) Correlation analysis of sTim-3 and AST levels showed a significant positive correlation. (C) Correlation analysis of sTim-3 and ALB levels showed a significant negative correlation. (D) Correlation analysis of sTim-3 and Dbil levels showed a significant positive correlation. (E) Correlation analysis of sTim-3 and Tbil levels showed a significant positive correlation. (F) Correlation analysis of sTim-3 and HbsAg levels was not significant.




Correlation Between Serum Soluble Tim-3 Level and Hepatitis or Liver Fibrosis Caused by Hepatitis B Virus, Hepatitis C Virus, and Hepatitis E Virus Infection

We further divided the patients infected with HBV, HCV, or HEV into hepatitis group and hepatitis with fibrosis group. Figure 3 shows that the sTim-3 concentrations in the control, hepatitis, and hepatitis with fibrosis groups gradually increased, and the differences were significant (P < 0.0001).
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FIGURE 3. Levels of sTim-3 in normal individuals, patients with hepatitis, and patients with hepatitis and fibrosis. ****P < 0.0001.


As shown in Table 2, the sTim-3 concentrations (22.76, 12.82–37.53; 33.06, 16.36–39.30; 28.90, 17.95–35.94 ng/mL) in patients infected with HBV, HCV, or HEV with liver fibrosis were significantly higher than those in patients with hepatitis (13.29, 7.75–17.28; 13.86, 11.48–18.64; 14.77, 9.79–29.79 ng/mL). In addition, in the HBV-infected group, the serum AST, Dbil, HA, and ALB concentrations in patients with hepatitis and fibrosis were significantly different compared to those in patients with hepatitis (P < 0.05). In the HCV-infected group, the serum levels of ALB, Dbil, HA and Tbil in patients with liver fibrosis were significantly different from those in patients with hepatitis (P < 0.05). However, in the HEV-infected group, except for sTim-3 and HA, no significant differences were observed in these indicators between hepatitis and hepatitis with fibrosis groups.


TABLE 2. Laboratory parameters of patients with hepatitis and hepatitis with liver fibrosis caused by HBV, HCV, and HEV infections.

[image: Table 2]


Diagnostic Value of Serum Soluble Tim-3 in Distinguishing Hepatitis From Hepatitis With Fibrosis After Hepatitis Virus Infection

We divided the samples into two batches according to the time of inclusion of samples. The first batch was included from 2020.1 to 2020.6 and the second batch was included from 2020.7 to 2020.12. The second batch is used as the validation set. The ROC curve was used in evaluating the role of sTim-3 in distinguishing hepatitis from hepatitis with fibrosis. As shown in Figures 4A,C,E sTim-3 can be effectively used in distinguishing healthy controls and patients with hepatitis (AUC (area under the curve), 0.7904; sensitivity, 71.11%; specificity, 84.00%), controls and patients with hepatitis and fibrosis (AUC, 0.9384; sensitivity, 90.63%; specificity, 84.00%), and hepatitis and hepatitis with fibrosis as well (AUC, 0.7797; sensitivity, 65.63%; specificity, 86.67%). In the validation set, as shown in Figures 4B,D,F, sTim-3 can also be effectively used in distinguishing healthy controls and patients with hepatitis (AUC, 0.8391; sensitivity, 84.91%; specificity, 71.05%), controls and patients with hepatitis and fibrosis (AUC, 0.9614; sensitivity, 90.00%; specificity, 94.74%), and hepatitis and hepatitis with fibrosis as well (AUC, 0.7129; sensitivity, 72.97%; specificity, 66.04%).
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FIGURE 4. ROC analysis of sTim-3 to determine its diagnostic value for patients with hepatitis and hepatitis with fibrosis. (A) ROC curve of sTim-3 in healthy controls and patients with hepatitis (the first batch of included samples). (B) ROC curve of sTim-3 in healthy controls and patients with hepatitis (the second batch of included samples). (C) ROC curve of sTim-3 in healthy controls and patients with hepatitis and fibrosis (the first batch of included samples). (D) ROC curve of sTim-3 in healthy controls and patients with hepatitis and fibrosis (the second batch of included samples). (E) ROC curve of sTim-3 in patients with hepatitis and hepatitis with fibrosis (the first batch of included samples). (F) ROC curve of sTim-3 in patients with hepatitis and hepatitis with fibrosis (the second batch of included samples).


As shown in Table 3, we compared the positive detection rates of sTim-3 and HA in patients with hepatitis and hepatitis with fibrosis. The cut off for sTim-3 was determined by the Youden index in Figure 4E, where the cut off value was 19.45 ng/mL. At this cut off value, and positivity rates of 21.68% and 66.13%, respectively, sTim-3 can effectively distinguishing between hepatitis and hepatitis with fibrosis. In addition, combined detection of HA and sTim-3 can improve the positive detection rate of hepatitis with fibrosis up to 77.43%.


TABLE 3. Comparison of the positive rate of sTim-3 and HA to distinguish hepatitis from hepatitis with liver fibrosis.
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DISCUSSION

We studied the role of sTim-3 in HBV, HCV, and HEV infections. Our results suggest that the sTim-3 concentrations in patients with hepatitis were significantly higher than those in the control group and were closely related to ALT and AST levels. sTim-3 is known to be related to the progression of infectious diseases, such as tuberculosis (18), HBV (10), and HIV (19). Serum sTim-3 may also be related to HCV and HEV infections and disease progression. Our study provides new information on the clinical diagnostic and surveillance value of sTim-3 in infectious diseases.

It is well known that Th cells play a key role in the regulation of the dynamic balance of the body’s immune response and an important regulatory role in HBV infection. Th cells secrete a variety of cytokines, increase the activity of CD8 + T cells, and promote cellular immune responses (20) improving the body’s ability to clear viruses. However, they also aggravate liver cell damage. ALT and AST are liver function parameters, and their levels increase in a patient’s serum upon cellular damage (10, 21). Increase in bilirubin level during viral hepatitis is related to liver cell damage and the degree of hepatic necrotizing inflammation (22), while reduction in ALB level is also related to the severity of liver synthetic function damage (10). The present study showed that sTim-3 levels in patients infected with HBV, HCV, or HEV were positively correlated with serum ALT, AST, Dbil, and Tbil levels, and sTim-3 levels were negatively correlated with ALB. The results indicate that sTim-3 can reflect the degree of liver cell damage in patients infected with HBV, HCV, or HEV to a certain extent and help in monitoring and evaluation of disease development.

This study showed that the sTim-3 concentrations in patients infected with HBV, HCV, and HEV were significantly higher than those in the healthy controls. The possible reason could be the accumulation of tissue-related memory Treg cells expressing high levels of Tim-3 in liver during the inflammatory stage of viral hepatitis infection (23). In addition, Tim-3 is mainly present on the surface of Th1 cells. When the body is invaded by viruses, Th1 levels increase during the activation of T cell immunity. Tim-3 expression on Th1 cells increases, which inhibits their excessive proliferation, and regulates the balance of Th1/Th2 (24), and exerts a negative immunomodulatory effect. Tim-3 expression also increases in depleted T cells and natural killer cells in patients infected with HBV/HCV (12, 13, 25, 26). Tim-3 mainly exists in three forms: full-length, spliced, and detached. Membrane bound Tim-3 can be cleaved from cell surfaces by metalloproteinases ADAM10 and ADAM17 to produce sTim-3 (27). sTim-3 can be a result of shedding from the cell surfaces after metalloprotease activity, and sTim-3 level may sequentially reflect membrane Tim-3 level. Therefore, sTim-3 levels in patients with three types of viral hepatitis infection were higher than those in the normal control group. The level of sTim-3 in patients infected with HEV was higher than that in patients infected with HBV, possibly because hepatitis caused by HEV is a systemic disease. Recently, studies have systematically explained the many extrahepatic manifestations of HEV infection, which are mainly related to diseases such as the kidney system, autoimmune system, and pancreatitis (28). Moreover, studies have shown that sTim-3 plays an important immunoregulatory role in kidney disease (17, 29), pancreatitis (30), and autoimmune diseases (31), resulting in its high serum levels. Similarly, sTim-3 levels were higher in patients infected with HEV as well.

sTim-3 concentration is elevated in patients infected with HBV and gradually increases in the serum of patients with liver cirrhosis and liver cancer (10). These findings are consistent with our research. In addition to HBV infection, our study reported for the first time that sTim-3 increased in patients infected with HCV and HEV as well and further increased in patients with hepatitis along with liver fibrosis. sTim-3 likely participates in pathogenesis by regulating the balance between Th1 and Th2. Liver fibrosis is a manifestation of tissue damage and inflammation, and viral hepatitis is one of its causes (32). Especially after hepatitis virus infection, without intervention treatment, liver fibrosis develops easily. Tim-3 may promote the progression of liver fibrosis by regulating the secretion of cytokines (TNF-α, IL-10, and IFN-γ) by immune cells, thereby regulating the progression of liver disease (33). Our data showed that Dbil and ALB in the serum of patients infected with HBV or HCV and hepatitis or hepatitis with fibrosis showed significant differences, but there was no difference among patients infected with HEV. Hence, sTim-3 has the advantage of distinguishing HEV-infected hepatitis and hepatitis with fibrosis. The dysfunction of monocytes is an important reason for the development of liver cirrhosis, and studies have confirmed that Tim-3 plays an important role in the expression of monocytes (26). High expression of Tim-3 may limit the activation of monocytes, thereby inhibiting cytokine production, which further promotes liver fibrosis progression. In addition, studies have shown that in patients with liver cirrhosis the CD+ T cell phenotype is altered, and high expression of Tim-3 in the cell membrane is one of the characteristics (34). This may be the reason for higher sTim-3 level in patients with liver fibrosis than in patients with hepatitis. These results indicate that sTim-3 level is related to the progression of the disease (the degree of liver damage) after hepatitis virus infection and is a potential marker for monitoring the progression of the disease upon hepatitis virus infection.

The results of this study indicate that sTim-3 has a certain diagnostic value to detect the degree of liver fibrosis in patients with hepatitis. HA is a commonly used clinical indicator for diagnosing liver fibrosis. When we combined sTim-3 and HA to diagnose liver fibrosis, the positivity rate significantly increased. Faster and more accurate diagnosis tools combined with effective treatment of viral hepatitis will help prevent proliferation of the disease. HEV infection is usually asymptomatic but can cause acute liver damage and even liver failure (35). Therefore, understanding the pathogenesis of hepatitis virus is essential for the treatment of the disease. In animal models, Tim-3 pathway blockade combined with PD-1 and CTLA-4 blockade can increase the production of T cells, reduce the expression of Treg, and restore T cell mediated immune response (36). Blocking the Tim-3/galectin-9 pathway might restore the secretion of some cytokines (IL-2, TNF-α, and IFN-γ) and T cell proliferation (37). These finding provides novel insights into the treatment of viral infectious diseases.

This study has several limitations including the small number of patients in the subgroups of different clinical diseases, and the lack of functional studies concerning the role of sTim-3 in the CD8 + T -cell exhaustion in viral hepatitis infection. We found that the combined detection of sTim-3 and HA can improve the positive detection rate of patients with liver fibrosis, but it only demonstrated moderate performance for discriminating hepatitis from liver fibrosis. Therefore, further studies are required to verify and extend our findings.



CONCLUSION

sTim-3 levels were significantly increased in patients infected with HBV, HCV, or HEV. The quantitative detection of sTim-3 levels can be a tool to distinguish viral hepatitis from hepatitis with fibrosis. The level of sTim-3 is related to disease progression upon hepatitis virus infection.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

This manuscript is part of a study which was approved by the Wuxi No.5 People’s Hospital (approval no. 2020-023-1) and our study obtained informed consent from all participants. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

LC, BH, YD, and HP contributed to conception and design of the study. LC organized the database, performed the statistical analysis, and wrote the first draft of the manuscript. XZ, YQ, LC, SZ, YW, XY, and CL wrote sections of the manuscript. All contributed to manuscript revision, read, and approved the submitted authors version.



FUNDING

This study was funded by the Social Development Fund of Zhejiang Province (No. LGF20H200008), the Key Research and Development Program of Zhejiang Province (No. 2020C03066), Wuxi Key Laboratory of Infectious Disease Prevention and Control (No. CXPT (SYS)001), and Key Research and Development Project of Hangzhou (No. 202004A23).



REFERENCES

1. Hardikar W. Viral hepatitis. J Paediatr Child Health. (2019) 55:1038–43. doi: 10.1111/jpc.14562

2. Wu J, Shi C, Sheng X, Xu Y, Zhang J, Zhao X]. Prognostic nomogram for patients with hepatitis E virus-related acute liver failure: a multicenter study in China. J Clin Transl Hepatol. (2021) 9:828–37. doi: 10.14218/JCTH.2020.00117

3. Trujillo-Ochoa JL, Corral-Jara KF, Charles-Nino CL, Panduro A, Fierro NA. Conjugated bilirubin upregulates TIM-3 expression on CD4(+) CD25(+) T cells: anti-inflammatory implications for hepatitis a virus infection. Viral Immunol. (2018) 31:223–32. doi: 10.1089/vim.2017.0103

4. Phillips S, Chokshi S, Riva A, Evans A, Williams R, Naoumov NV. CD8(+) T cell control of hepatitis B virus replication: direct comparison between cytolytic and noncytolytic functions. J Immunol. (2010) 184:287–95. doi: 10.4049/jimmunol.0902761

5. Saeidi A, Zandi K, Cheok YY, Saeidi H, Wong WF, Lee C, et al. T-Cell exhaustion in chronic infections: reversing the state of exhaustion and reinvigorating optimal protective immune responses. Front Immunol. (2018) 9:2569. doi: 10.3389/fimmu.2018.02569

6. Osuch S, Laskus T, Berak H, Perlejewski K, Metzner KJ, Paciorek M, et al. Decrease of T-cells exhaustion markers programmed cell death-1 and T-cell immunoglobulin and mucin domain-containing protein 3 and plasma IL-10 levels after successful treatment of chronic hepatitis C. Sci Rep. (2020) 10:16060. doi: 10.1038/s41598-020-73137-6

7. Wherry EJ. T cell exhaustion. Nat Immunol. (2011) 12:492–9. doi: 10.1038/ni.2035

8. Wieland D, Hofmann M, Thimme R. Overcoming CD8+ T-Cell exhaustion in viral hepatitis: lessons from the mouse model and clinical perspectives. Dig Dis. (2017) 35:334–8. doi: 10.1159/000456584

9. Dinney CM, Zhao L, Conrad CD, Duker JM, Karas RO, Hu Z, et al. Regulation of HBV-specific CD8(+) T cell-mediated inflammation is diversified in different clinical presentations of HBV infection. J Microbiol (Seoul, Korea). (2015) 53:718–24. doi: 10.1007/s12275-015-5314-y

10. Li F, Li N, Sang J, Fan X, Deng H, Zhang X, et al. Highly elevated soluble Tim-3 levels correlate with increased hepatocellular carcinoma risk and poor survival of hepatocellular carcinoma patients in chronic hepatitis B virus infection. Cancer Manag Res. (2018) 10:941–51. doi: 10.2147/CMAR.S162478

11. McMahan RH, Golden-Mason L, Nishimura MI, McMahon BJ, Kemper M, Allen TM, et al. Tim-3 expression on PD-1+ HCV-specific human CTLs is associated with viral persistence, and its blockade restores hepatocyte-directed in vitro cytotoxicity. J Clin Invest. (2010) 120:4546–57. doi: 10.1172/JCI43127

12. Wu W, Shi Y, Li J, Chen F, Chen Z, Zheng M. Tim-3 expression on peripheral T cell subsets correlates with disease progression in hepatitis B infection. Virol J. (2011) 8:113. doi: 10.1186/1743-422X-8-113

13. Wang L, Zhao C, Peng Q, Shi J, Gu G. Expression levels of CD28, CTLA-4, PD-1 and Tim-3 as novel indicators of T-cell immune function in patients with chronic hepatitis B virus infection. Biomed Rep. (2014) 2:270–4. doi: 10.3892/br.2014.217

14. Asmaa MZ, Helal FH, Amal R, Abeer SE, Elham AH, Hussein F, et al. Differential expression of Tim-3, PD-1, and CCR5 on peripheral T and B lymphocytes in hepatitis C virus-related hepatocellular carcinoma and their impact on treatment outcomes. Cancer Immunol Immunother. (2020) 69:1253–63. doi: 10.1007/s00262-019-02465-y

15. Schmidt J, Blum HE, Thimme R. T-cell responses in hepatitis B and C virus infection: similarities and differences. Emerg Microbes Infec. (2013) 2:e15. doi: 10.1038/emi.2013.14

16. Yang Z, Lei Y, Chen C, Ren H, Shi T. Roles of the programmed cell death 1, T cell immunoglobulin mucin-3, and cluster of differentiation 288 pathways in the low reactivity of invariant natural killer T cells after chronic hepatitis B virus infection. Arch Virol. (2015) 160:2535–45. doi: 10.1007/s00705-015-2539-3

17. Chen M, Wang L, Wang Y, Zhou X, Liu X, Chen H, et al. Soluble Tim3 detection by time-resolved fluorescence immunoassay and its application in membranous nephropathy. J Clin Lab Anal. (2020) 34:e23248. doi: 10.1002/jcla.23248

18. Zhang J, Zhang F, Li Q, Zhao Y, Guo N, Li F, et al. [Increased serum levels of soluble T cell immunoglobulin mucin molecule 3 and IL-4 and decreased IFN-gamma in patients with pulmonary tuberculosis]. Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi. (2016) 32:968–71.

19. Clayton KL, Douglas-Vail MB, Nur-ur RA, Medcalf KE, Xie IY, Chew GM, et al. Soluble T cell immunoglobulin mucin domain 3 is shed from CD8+ T cells by the sheddase ADAM10, is increased in plasma during untreated HIV infection, and correlates with HIV disease progression. J Virol. (2015) 89:3723–36. doi: 10.1128/JVI.00006-15

20. Zhu C, Anderson AC, Schubart A, Xiong H, Imitola J, Khoury SJ, et al. The Tim-3 ligand galectin-9 negatively regulates T helper type 1 immunity. Nat Immunol. (2005) 6:1245–52. doi: 10.1038/ni1271

21. Saijo M, Nakamura K, Masuyama H, Ida N, Haruma T, Kusumoto T, et al. Glasgow prognostic score is a prognosis predictor for patients with endometrial cancer. Eur J Obstet Gynecol Reprod Biol. (2017) 210:355–9. doi: 10.1016/j.ejogrb.2017.01.024

22. Wu J, Huang F, Ling Z, Liu S, Liu J, Fan J, et al. Altered faecal microbiota on the expression of Th cells responses in the exacerbation of patients with hepatitis E infection. J Viral Hepat. (2020) 27:1243–52. doi: 10.1111/jvh.13344

23. Hu CC, Jeng WJ, Chen YC, Fang JH, Huang CH, Teng W, et al. Memory regulatory T cells increase only in inflammatory phase of chronic hepatitis B infection and related to Galectin-9/Tim-3 interaction. Sci Rep. (2017) 7:15280. doi: 10.1038/s41598-017-15527-x

24. Moorman JP, Wang JM, Zhang Y, Ji XJ, Ma CJ, Wu XY, et al. Tim-3 pathway controls regulatory and effector T cell balance during hepatitis C virus infection. J Immunol. (2012) 189:755–66. doi: 10.4049/jimmunol.1200162

25. Golden-Mason L, Palmer BE, Kassam N, Townshend-Bulson L, Livingston S, McMahon BJ, et al. Negative immune regulator Tim-3 is overexpressed on T cells in hepatitis C virus infection and its blockade rescues dysfunctional CD4+ and CD8+ T cells. J Virol. (2009) 83:9122–30. doi: 10.1128/JVI.00639-09

26. Zhao L, Yu G, Han Q, Cui C, Zhang B. TIM-3: an emerging target in the liver diseases. Scand J Immunol. (2020) 91:e12825. doi: 10.1111/sji.12825

27. Geng H, Zhang GM, Li D, Zhang H, Yuan Y, Zhu HG, et al. Soluble form of T cell Ig mucin 3 is an inhibitory molecule in T cell-mediated immune response. J Immunol. (2006) 176:1411–20. doi: 10.4049/jimmunol.176.3.1411

28. Wu J, Xiang Z, Zhu C, Yao Y, Bortolanza M, Cao H, et al. Extrahepatic manifestations related to hepatitis E virus infection and their triggering mechanisms. J Infect. (2021) 83:298–305. doi: 10.1016/j.jinf.2021.07.021

29. Guo L, Yang X, Xia Q, Zhen J, Zhuang X, Peng T. Expression of human T cell immunoglobulin domain and mucin-3 (TIM-3) on kidney tissue from systemic lupus erythematosus (SLE) patients. Clin Exp Med. (2014) 14:383–8. doi: 10.1007/s10238-013-0264-3

30. Lin M, Huang J, Huang J, Liu SL, Chen WC. Level of serum soluble Tim-3 expression in early-phase acute pancreatitis. Turk J Gastroenterol. (2019) 30:188–91. doi: 10.5152/tjg.2018.18137

31. Fujita Y, Asano T, Matsumoto H, Matsuoka N, Temmoku J, Sato S, et al. Elevated serum levels of checkpoint molecules in patients with adult Still’s disease. Arthritis Res Ther. (2020) 22:174. doi: 10.1186/s13075-020-02263-3

32. Mansouri A, Gattolliat CH, Asselah T. Mitochondrial dysfunction and signaling in chronic liver diseases. Gastroenterology. (2018) 155:629–47. doi: 10.1053/j.gastro.2018.06.083

33. Freeman GJ, Casasnovas JM, Umetsu DT, DeKruyff RH. TIM genes: a family of cell surface phosphatidylserine receptors that regulate innate and adaptive immunity. Immunol Rev. (2010) 235:172–89. doi: 10.1111/j.0105-2896.2010.00903.x

34. Lebosse F, Gudd C, Tunc E, Singanayagam A, Nathwani R, Triantafyllou E, et al. CD8(+)T cells from patients with cirrhosis display a phenotype that may contribute to cirrhosis-associated immune dysfunction. Ebiomedicine. (2019) 49:258–68. doi: 10.1016/j.ebiom.2019.10.011

35. Llaneras J, Riveiro-Barciela M, Rando-Segura A, Marcos-Fosch C, Roade L, Velazquez F, et al. Etiologies and features of acute viral hepatitis in Spain. Clin Gastroenterol Hepatol. (2021) 19:1030–7. doi: 10.1016/j.cgh.2020.07.006

36. Ngiow SF, von Scheidt B, Akiba H, Yagita H, Teng MW, Smyth MJ. Anti-TIM3 antibody promotes T cell IFN-gamma-mediated antitumor immunity and suppresses established tumors. Cancer Res. (2011) 71:3540–51. doi: 10.1158/0008-5472.CAN-11-0096

37. Nebbia G, Peppa D, Schurich A, Khanna P, Singh HD, Cheng Y, et al. Upregulation of the Tim-3/galectin-9 pathway of T cell exhaustion in chronic hepatitis B virus infection. PLoS One. (2012) 7:e47648. doi: 10.1371/journal.pone.0047648


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Chen, Yu, Lv, Dai, Wang, Zheng, Qin, Zhou, Wang, Pei, Fang and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-09-880909-t002.jpg
Variables Controls HBV HCV HEV

Hepatitis Hepatitis + fibrosis Hepatitis Hepatitis + Fibrosis Hepatitis Hepatitis + fibrosis
Gender M/F 41/47 31/15 715 28/19 8/5 31/19 9/18
Age 56.00 (38.50-66.75) 41.50 (32.75-51.50) 55.00 (40.00-69.00) 53.00 (46.00-58.00) 55.00 (46.00-71.00) 53.00 (48.75-67.00) 59.00 (51.00-68.00)
ALT (UL 18.85 (16.85-25.5) 45.50 (25.00-86.00) 42.00 (28.00-241.50) 38.00 (21.00-68.00) 39.00 (21.00-81.00) 46.00 (21.00-75.00) 77.00 (32.25-233.50)
AST (U/D) 21.00 (18.80-25.97) 38.50/(25.75-57.75) 51.00 (32.00-244.50)* 36.00 (25.00-55.00) 37.00 (24.00-97.50) 55. 50(28.00-131.25) 55.00 (33.00-108.00)
ALB (g/D) 15.20 (11.80-19.80) 46.55 (39.85-48.67) 36.10 (31.56540.75)* 45.50 (41.70-46.40) 31.30 (29.50-39.00)* 38.90 (36.85-42.20) 31.40 (28.10-37.60)
Dbil (mmol/L) 2.70 (2.23-3.37) 5.25 (4.07-7.40) 11.50 (5.05-106.75) 6.00 (3.90-7.37) 14.20 (8.55-33.15)* 6.20 (3.40-12.20) 14.70 (8.20-57.30)
Tbil (mmol/L) 15.20 (11.90-19.20) 15.00 (12.33-23.50) 19.00 (12.50-24.50) 17.00 (12.00-22.00) 34.00 (18.50-63.00)* 16.00 (10.87-27.75) 34.00 (19.00-63.00)
HA (ng/mL) 57 (45.00-84.00) 68.46 (37.46-102.25) 87.00 (67.00-231.79)* 81.50 (40.85-122.23) 109.00 (99.00-727.27)* 79.00 (71.00-98.50) 120.17 (92.00-503.65)
sTim-3 (ng/mL) 7.69 (6.74-10.22) 13.29 (7.75-17.28) 22.76 (12.82-37.53)* 13.86 (11.48-18.64) 33.06 (16.36-39.30)* 14.77 {9.79-28.79) 28.90 (17.95-35.94)"

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; Dbil, direct bilirubin; Tbil, total bilirubin; HA, hyaluronic acid; HBV, hepatitis B virus;, HCV, hepatitis C virus; HEV, hepatitis E virus.*Significant
differences in hepatitis and liver fibrosis in each parameter in the same virus infection (P < 0.05).
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Cut off Controls  Hepatitis  Hepatitis + fibrosis
sTim-3 19.45 ng/mL 0.00% 21.68% 66.13%
HA 110 ng/mL 0.00% 4.90% 35.48%
sTim-3 or HA 0.00% 25.87% 77.42%

The cut off for sTim-3 was determined by the Youden index of Figure 4E, and HA
concentration greater than 110 ng/mL was considered positive (commonly used in
clinical practice).
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Controls vs. HCV

Controls vs. HEV

B S.E Wald P OR 95%ClI B S.E Wald P OR 95%ClI B S.E Wald P OR 95%ClI
Gender —2.092 0.429 23.813 <0.0001 0.123 0.053-0.286 —0.695 0.347  4.003 0.045 0.499 0.253-0.986 —0.018 0.391  0.216 0.642 0.834 0.387-1.795
Age —0.032 0.011  8.064 0.005 0.948  0.948-0.990 0.001 0.012 0.012 0.914 1.001  0.978-1.025 0.024 0.014  2.926 0.087 1.024  0.997-1.062
ALT 0.058 0.012 21.794  <0.0001 1.06  1.034-1.086 0.046 0.011 16.818 0.001 1.047  1.024-1.071 0.051 0.012 17.867 <0.0001 1.052 1.028-1.077
AST 0.142 0.028 25.041 <0.0001 1.163 1.090-1.219 0.129 0.027 22124 <0.0001 1.138 1.078-1.201 0.133 0.031 18.421 <0.0001 1.142 1.075-1.214
ALB 0.384 0.075 26.359 <0.0001 1.468 1.268-1.700 0.337 0.065 26.957 <0.0001 1.4 1.233-1.590 0.334 0.063 28.176 <0.0001 1.397 1.235-1.580
Dbil 1.458 0.258 31.6 <0.0001  4.274 2.576-7.093 1.078 0.191  381.747 <0.0001 2939 2.020-4.277 0.928 0212 19.132 <0.0001 2.528 1.668-3.831
sTim-3 0.287 0.051 31.274 <0.0001 1.332 1.205-1.473 0.348 0.062 31.627 <0.0001 1.416 1.254-1.598 0.326 0.069 22.449 <0.0001 1.386 1.211-1.586

HBV, hepatitis B virus; HCV, hepatitis C virus; HEV, hepatitis E virus.
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