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Objective

We explore the expression of functional molecules on CD8+ T lymphocytes, cytokines concentration, and their correlation to occurrence of hepatitis B and hepatitis B virus (HBV) desoxyribose nucleic acid (DNA), hepatitis B surface antigen (HBsAg), hepatitis B envelope antigen (HBeAg), and alanine aminotransferase (ALT) in patients infected with HBV.



Methods

This is a single center study. 32 patients with acute hepatitis B (AHB), 30 patients with immune tolerant (IT) phase chronic HBV infected, and 50 patients with chronic hepatitis B (CHB) were enrolled. The activation molecules (CD69) and the apoptosis-inducing molecules (CD178) on surface of CD8+ T lymphocytes were tested by the flow cytometry. Fms-like tyrosine kinase 3 ligand (Flt-3L), interleukin 17A (IL-17A), interferon γ (IFN-γ), and Interferon α2 (IFN-α2) were quantitated by Luminex assay. We use linear regression analysis to analyze their correlations to ALT, HBV DNA, HBsAg, and HBeAg.



Results

The frequency of CD69+CD8+ T lymphocytes in CHB and AHB groups were increased significantly compared with IT group (4.19[3.01, 6.18]% and 4.45[2.93, 6.71]% vs. 3.02[2.17, 3.44]%; H=26.207, P=0.001; H=28.585, P=0.002), and the mean fluorescence intensity (MFI) of CD69 in AHB group was significantly higher than IT and CHB groups (27.35[24.88, 32.25] vs. 20.45[19.05, 27.75] and 23.40[16.78, 28.13]; H=25.832, P=0.005 and H=22.056, P=0.008). In IT group, HBsAg levels and HBV DNA loads were negatively correlated with CD69MFI (β=-0.025, t=-2.613, P=0.014; β=-0.021, t=-2.286, P=0.030), meanwhile, HBeAg was negatively related to the frequency of CD69+CD8+ T lymphocytes (β=-61.306, t=-2.116, P=0.043). In AHB group, IFN-α2 was positively related to the frequency of CD8+ T lymphocytes (β=6.798, t=2.629, P=0.016); however, in CHB group, IFN-α2 was negatively associated with frequency of CD8+ T lymphocytes (β=-14.534, t=-2.085, P=0.043). In CHB group, HBeAg was positively associated with frequency of CD69+CD8+ T lymphocytes (β=43.912, t=2.027, P=0.048). In AHB group, ALT was positively related to CD69MFI (β=35.042, t=2.896, P=0.007), but HBsAg was negatively related to CD178MFI (β=-0.137, t=-3.273, P=0.003).



Conclusions

The activation of CD8+ T lymphocytes was associated with the occurrence of AHB and CHB. However, due to the insufficient expression of functional molecules of CD8+ T lymphocytes and the depletion of CD8+ T lymphocytes, CHB patients were difficult to recover from HBV infection.
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Introduction

Long-term progression of hepatitis B virus (HBV) infection will lead to liver failure, cirrhosis, and liver cancer, which will bring great threat to patients’ lives and economic situation. The occurrence and development of hepatitis are closely associated with immune environment of hosts and virus after HBV infection (1). HBV infection always persists in majority of chronic hepatitis B (CHB), but can be cleared spontaneously in acute hepatitis B (AHB). We know that there are four phases in the natural outcome of CHB patients depending on different immune states (2, 3). These differences mainly depend on the differential immune responses of patients.

Various immune cells played a role in the immune response of patients with hepatitis B. Innate immunity mediated by natural killer (NK) cells, NKT cells, dendritic cells (DCs), and mononuclear macrophages can inhibit virus spread, participate in antigen presentation and activate specific immunity, which is the first line of antiviral defense. Adaptive immunity, mainly involving B cells, CD8+ T lymphocytes and CD4+ T lymphocytes, is considered to not only inhibit virus replication, but also play an important role in virus clearance. CD8+ T lymphocytes are of crucial importance in HBV clearance. In addition, it is difficult to achieve persistent viral clearance and hepatitis B surface antigen (HBsAg) serological conversion in patients infected with HBV, which may be associated with the deficiency of HBV-specific adaptive immunity (4). This study tried to investigate the function of CD8+ T lymphocytes and related cytokines to illustrate different immune state in HBV infected patients. In HBV infection, CD8+ T lymphocytes can inhibit viral replication by secreting interferon γ (IFN-γ), and induce apoptosis of infected hepatocytes through the secretion of perforin, which causes the rupture of HBV infected hepatocytes and the expression of apoptotic molecules. Thus, CD8+ T lymphocytes are of crucial importance in HBV clearance. The major of adults infected with HBV can recover from infection. The immune response caused by HBV infection leads to severe hepatic inflammation in the liver. However, this immune response in CHB patients is not effective in clearing HBV. Many kinds of immune cells, like NK cells, DCs, mononuclear macrophages, CD4+ T lymphocytes, CD8+ T lymphocytes and their secreted cytokines, are involved in the occurrence of liver inflammation and viral clearance. The outcome of HBV infection depends on the function of HBV-specific cellular immunity. In our research, we investigate the relationship between the immune environment and clinical indicators in patients infected with HBV.



Materials and methods


Patients

Eligible patients attending Beijing Ditan Hospital from February 2014 to December 2016 were consecutively enrolled. The enrolled objects in the study were assigned to one of the three subgroups: immune tolerant (IT) phase chronic HBV infection group, hepatitis B envelope antigen (HBeAg)-positive CHB group, and AHB group. IT phase chronic HBV infection was defined as HBsAg positive for > 24 weeks, HBV desoxyribose nucleic acid (DNA) >107IU/ml, HBeAg positive, consistently normal alanine aminotransferase (ALT) (<30 U/L in male, <19 U/L in female), and/or no obvious liver fibrosis and inflammation in histology. CHB was defined as HBsAg positive for > 24 weeks, ALT in abnormal level (>120 U/L) for more than 12 weeks, and/or obvious liver fibrosis and inflammation in histology, with positive HBeAg. AHB was defined as no HBV infection 24 weeks ago, HBsAg positive, abnormal ALT, and anti-HBc-IgM for > 1:1000 or confirmed by histopathological examination (2, 3). Exclusion criteria: co-infected with other hepatitis viruses, co-infected with other viruses, with other liver diseases (such as alcoholic, immune, metabolic), and liver cancer; with cirrhosis or fibrosis diagnosed by transient elastography (5). Patients with autoimmune diseases, and subjects using immunosuppressive or regulatory drugs were also excluded. The liver cancer was excluded by CT examination (Computed Tomography System, 103 LightSpeed VCT, LightSpeed Pro32, Tokyo, Japan) or ultrasound (Acuson Sequoia, Siemens, Erlangen, Germany). The Liver cirrhosis or fibrosis test was taken by FibroScan (FibroScan 502, EchosensTM, Paris, 102 France).

This is a single center study. Our research was approved by Beijing Ditan Hospital Institutional Review Board. All objects have signed informed consent before enrollment.



Clinical indicators, serology and HBV DNA detection

The biochemical indicators were tested by Hitachi 7600 automatic biochemical analyzer (Hitachi 7600-11; Hitachi, Tokyo, Japan). Virological indicator was measured by Roche Cobas AmpliPrep/Cobas TaqMan 96 automatic real-time fluorescence quantitative polymerase chain reaction detection (PCR) detection reagent (Roche, Pleasanton, CA, USA; with a lower detection limit of 20IU/ml). Serological indexes were quantitated by Abbott Architect i2000 detection reagent (Abbott Diagnostics, USA).



Functional molecular expression and frequency of CD8+ T lymphocytes

The frequency of CD8+ T lymphocytes of all patients in leukomonocytes, CD69+CD8+ T lymphocytes, CD178+CD8+ T lymphocytes, and the counts of CD69 and CD178 expressed on CD8+ T lymphocytes were detected by flow cytometry (FACS Caliburflow Cytometer, USA). It was performed as follow steps: 1) using monoclonal Antibodies (mAbs) of CD3-peridinin chlorophyll protein (PerCP), CD8-human antigen presenting cells (APC), CD69-phycoerythrin (PE), and CD178-PE (BD Biosciences, Cowley, UK) incubated 100μl of whole peripheral blood samples in the dark for 20 minutes; 2) incubated with 2ml fluorescently activated cell classifier (FACS) lysate for 5 mins. 3) after centrifuged at 300×g 5 minutes and aspirated the supernatant, 2ml phosphate buffered saline (PBS) was added and vortex lightly; 4) after centrifuged at 300×g 5 minutes and aspirated the supernatant, the sample was re-suspended with 200μl of PBS and finally analyzed by FACS flow cytometer. CD8+T lymphocytes were identified as monocytes which were in the subsequent showing CD3+/CD8+. CD3+CD8+CD69+ was considered to be the activated CD8+T lymphocytes, CD3+CD8+CD178+ was considered to be the apoptosis-inducing CD8+T lymphocytes.



Plasma cytokines quantitation

The serum cytokines were quantitated by Luminex assay widespread using for serum cytokine measure. The plasma was separated from EDTA anticoagulant peripheral venous blood, and at −80°C in refrigerator for the cytokine test. Interferon α2 (IFN-α2), IFN-γ, fms-like tyrosine kinase 3 ligand (Flt-3L), and interleukin 17A (IL-17A) were measured. Each sample was measured duplicate, and the standard cytokine supplied by the manufacturer were run on each plate. The operation process was taken according to manufacturer’s instructions. The cytokine levels were obtained by the data acquired by Luminex assay and analyzed using FlexMap 3D analyzer (Austin, TX, USA).



Statistical methods

In our study, SPSS 22.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Categorical variables were expressed as absolute values, and were compared using Fisher’s exact test or Chi-square test between different groups. In this study, we express continuous variables in terms of mean ± standard deviation or median (Q1, Q3). Continuous variables were compared using analysis of variance and independent samples t-test or Kruskal-Wallis test between groups, according to whether they are normal distribution. We use linear regression analysis to analyze correlation of CD8+ T lymphocytes with clinical indexes (ALT level, HBsAg level, HBeAg content, and HBV DNA load). It was considered to be statistically significant if P <0.05.




Results


Clinical features of the patients

112 patients (63 males, 49 females) participated in this research, including 30 patients in IT phase, 32 patients with AHB, and 50 patients with CHB, with median age of 30 (26, 39) years. Significant differences were showed in age (27[25.75, 31.25], 30[27.00, 36.25], 33[27.00, 49.75]y; H=7.904, P=0.019), ALT levels (29.85[21.83, 39.85], 252.70[129.45, 361.50], 930.10[447.25, 1902.48] U/L; H=74.981, P=0.000), total bilirubin (TBIL) levels (10.25[7.33, 14.43], 14.10[11.90, 18.15], 52.55[25.48, 111.02] μmol/L; H=55.928, P=0.000), albumin (ALB) (47.45[45.68, 49.30], 44.90[42.30, 47.00], 42.95[38.05, 44.35] g/L; H=28.965, P=0.000), HBsAg levels (4.79[4.59, 4.93], 3.89[3.46, 4.19], 2.80[2.18, 3.59] log10IU/ml; H=60.732, P=0.000), HBeAg content (1606.36[1556.53, 1679.44], 933.34[467.38, 1316.67], 5.93[0.92, 59.31] S/CO; H=77.956, P=0.000), and HBV DNA (8.11[8.11 ± 0.48], 7.05[7.05 ± 1.23], 4.61[4.61 ± 1.40] log10IU/ml; H=61.988, P=0.000) among the three groups (Table 1).


Table 1 | Comparison of clinical characteristics, frequency and functional molecular expression of CD8+ T cells between the three groups.





Frequency and functional molecular expression of CD8+ T lymphocytes

Frequency of CD8+ T lymphocytes in leukomonocytes was similar between the three groups. Frequency of CD69+CD8+ T lymphocytes in CHB and AHB groups were increased significantly compared with IT group (4.19[3.01, 6.18] % and 4.45[2.93, 6.71] % vs. 3.02[2.17, 3.44] %; H=26.207, P=0.001; H=28.585, P=0.002). The CD69 mean fluorescence intensity (MFI) in AHB group was significantly higher than that in IT and CHB groups (27.35[24.88, 32.25] vs. 20.45[19.05, 27.75] and 23.40[16.78, 28.13]; H=25.832, P=0.005 and H=22.056, P=0.008). Frequency of CD178+CD8+ T lymphocytes and the CD178MFI in CHB and AHB groups were slightly higher than those in IT group (1.16[0.85, 1.50] % and 1.16[0.90, 1.93] % vs. 1.03[0.83, 1.67] %; 22.10 ± 6.05 and 23.9 ± 25.27 vs. 21.00 ± 4.73), but no significant differences (P>0.05) were found (Figure 1 and Table 1).




Figure 1 | Comparison of the frequency of CD8+ T cells in leukomonocytes, the frequency of CD69+CD8+ T cells in CD8+ T cells, the CD8+CD69MFI, the frequency of CD178+CD8+ T cells in CD8+ T cells, and the CD8+CD178MFI between IT, CHB, and AHB groups. Note: MFI, mean fluorescence intensity; IT, immune tolerance; CHB, chronic hepatitis B; AHB, acute hepatitis B.





Correlation of CD8+ T lymphocytes with clinical indexes and cytokines

In IT group, HBsAg and HBV DNA load had negative correlation with CD69MFI (β=-0.025, t=-2.613, P=0.014; β=-0.021, t=-2.286, P=0.030), and HBeAg was negatively correlated with frequency of CD69+CD8+ T lymphocytes (β=-61.306, t=-2.116, P=0.043). In CHB group, HBeAg was positively related to frequency of CD69+CD8+ T lymphocytes (β=43.912, t=2.027, P=0.048), and IFN-α2 was negatively related to frequency of CD8+ T lymphocytes (β=-14.534, t=-2.085, P=0.043). In AHB group, ALT was positively related to CD69MFI (β=35.042, t=2.896, P=0.007), HBsAg was negatively related to CD178MFI (β=-0.137, t=-3.273, P=0.003), and IFN-α2 was positively related to the frequency of CD8+ T lymphocytes (β=6.798, t=2.629, P=0.016) (Table 2).


Table 2 | Correlation of CD8+ T cells with clinical indexes and cytokines.





Correlation of cytokines with clinical parameters

HBV DNA was positively related to Flt-3L, IL-17A and IFN-γ (β=0.001, t=2.254, P=0.034; β=0.002, t=2.269, P=0.033; β=0.001, t=2.205, P=0.038) in IT group. There was no significant correlation between cytokines and HBV DNA, ALT, HBsAg, and HBeAg in CHB patients. In AHB patients, HBeAg was positively related to IL-17A, Flt-3L and IFN-γ (β=7.057, t=7.763, P=0.000; β=1.695, t=7.123, P=0.000; β=2.949, t=11.940, P=0.000), and HBV DNA was also positively related to Flt-3L, IL-17A and IFN-γ (β=0.004, t=2.343, P=0.029; β=0.015, t=2.320, P=0.030; β=0.006, t=2.671, P=0.014) (Table 3).


Table 3 | Correlation of cytokines with clinical indexes.






Discussion

As a non-cytotoxic hepatotropic virus, the clinical manifestation and outcome of HBV infection largely depend on host immunity. In general, a well-developed immune response is likely to induce severe liver injury and viral clearance, so that over 95% patients infecting HBV in adults can recover spontaneously. Conversely, an immature immune response leads to the persistence of HBV, just as the 90% patients infecting HBV in infants become chronic infection (6). HBV-induced immunity is coordinated by innate immunity, specific immunity and cytokines, in which the specific immunity plays an important role in virus clearance (7, 8). Cytotoxic lymphocytes (CTLs) are of crucial importance in HBV-specific immunity. There are rich of HBV-specific CD8+ T lymphocytes in our liver, which can clear HBV by cytosolic or non-cytolytic pathway (9–11). We investigated the function of CD8+ T lymphocytes and related cytokines in HBV infected patients of different states, to explore their role in clinical outcome and to better understand HBV-induced immune pathogenesis.

Specific CD8+ T lymphocytes need to be stimulated by cytokines such as IFN-α to clear HBV. When receiving the stimulation of viral antigen, they secrete cytokines and perforin to inhibit viral replication. And HBV-specific CD8+ T lymphocytes can lead apoptosis of HBV-infected hepatocytes by inducing expression of apoptotic molecules. In our study, we examined major cytokines with virus-clearing effects, expression of CD8+ T lymphocytes activating molecules and apoptosis-inducing molecules in patients with IT, CHB, and AHB patients.

CD69 is the marker of early activated lymphocytes, and it can be up-regulated when lymphocytes are stimulated by antigens. In our study, Patients with AHB and CHB had a significant higher frequency of CD69+CD8+ T lymphocytes compared with IT patients, which may suggest that the occurrence of hepatitis is linked to increased proportion of activated CD8+ T lymphocytes. In HBV infected patients, CD8+ T lymphocytes activated by IFN-α play a role in killing infected hepatocytes (12), and it has been wildly used for immune control and clinical cure of CHB (13, 14). Our research also indicated why interferon therapy is more effective in CHB patients than IT patients, especially in HBV infected patients with severe hepatitis (15, 16). However, although being activated, CD69 molecular expressed on CD8+ T lymphocytes surface just increased slightly in CHB group compared with IT group, but increased significantly in AHB patients compared with IT and CHB patients as shown in our study. This may partly explain why most CHB patients can not eliminate the virus and recover from HBV infection like AHB patients. CD178 (Fas-L) is an apoptosis-inducing molecule on surface of CD8+ T lymphocytes, and can mediate apoptosis of infected liver cells by Fas/Fas-L pathway. In our study, frequency of CD178+CD8+ T lymphocytes and the CD178MFI in AHB and CHB group were slightly higher than those in IT patients. These results indicated that, in addition to mediating the apoptosis of target cells, killing the infected cells directly by secreting cytotoxic molecules like granzyme and perforin, and secreting cytokines involving IFN-γ and TNF-α to inhibit spread and replication of virus are also important ways of CTLs to eliminate HBV (9–11).

It is known that HBV can impair the functions and maturation of DCs (17, 18), and DCs will show tolerance subtypes under long-term stimulation of high levels of HBV and its antigens in CHB (19, 20). In this research, HBV DNA and HBsAg were negatively correlated with CD69MFI, and there was negative correlation between HBeAg level and frequency of CD69+CD8+ T lymphocytes in IT group. These results showed that activation of CD8+ T lymphocytes was also suppressed by long-term high levels of HBV and its antigens. It is consistent with previous researches that the activation of HBV-specific immunity will be affected when innate immune is weakened (21, 22). As mentioned above, IFN-α can stimulate CD8+ T lymphocytes to activate immune response (12). In our study, IFN-α2 was positively related to frequency of CD8+ T lymphocytes in AHB group, which could confirm this statement. Interestingly, we found that IFN-α2 was negatively related to frequency of CD8+ T lymphocytes in CHB group. It may indicate why the HBV-specific CD8+ T lymphocytes exhaust during interferon therapy and lead to a decline in efficacy in CHB group (23, 24).

The outcome of HBV infection is determined by the status of HBV infection and the function of HBV-specific CD8+ T lymphocytes. 95% of adults with acute HBV infection can recover spontaneously, which is correlated with the function of CD8+ T lymphocytes (25). However, it is difficult to recover from chronic HBV infection due to impaired CD8+ T lymphocytes function (26, 27). The response of CD8+ T lymphocytes is also associated with liver inflammation in chronic HBV infection (28). The aim of this study was to investigate the function of CD8+ T lymphocytes in HBV infection, including the expression of activation molecules (CD69) and apoptosis-inducing molecules (CD178) in the pathogenesis of chronic HBV infection (IT and HBeAg-positive CHB), and their role in hepatitis B (CHB and AHB). In our study, patients with CHB had a significant higher frequency of CD69+CD8+ T lymphocytes compared with IT patients, but frequency of CD8+ T lymphocytes, frequency of CD178+CD8+ T lymphocytes and CD178 molecular expressed on CD8+ T lymphocytes surface were all similar between the two groups. Meanwhile, in CHB patients, frequency of CD8+ T lymphocytes, CD69+CD8+ T lymphocytes, CD178+CD8+ T lymphocytes and expression of CD69, CD178 molecules on CD8+ T lymphocytes surface had no significant correlation with HBV DNA load. The results suggested that the activation of CD8+ T lymphocytes might be associated with the onset of hepatitis in chronic HBV infection, but it couldn’t inhibit replication of virus or eliminate infected hepatocytes effectively. This may be related to the presence of high levels of viral antigens in chronic HBV infection, which can suppress the function of HBV-specific CD8+ T lymphocytes (29). And the detection of CD8+ T lymphocytes in peripheral blood may not fully reflect its distribution in liver histology too. We found that frequency of CD8+ T lymphocytes, CD69+CD8+ T lymphocytes and CD178+CD8+ T lymphocytes in AHB patients were also similar to CHB patients. In addition, in AHB patients, frequency of CD8+ T lymphocytes, CD69+CD8+ T lymphocytes, CD178+CD8+ T lymphocytes and expression of CD69, CD178 molecules on CD8+ T lymphocytes surface also had no significant correlation with HBV DNA load. Although the ALT in CHB and AHB groups significantly increased in our study, it might not mainly caused by CD8+ T lymphocytes. Previous studies have found that the hepatitis in chronic HBV infection is associated with the activation and phenotype of NK cells (30). And meta-analysis showed that there was no significant correlation between the function of CD8+ T lymphocytes and ALT level in chronic HBV infection (31). Some studies have found that the inflammatory phase of AHB is also associated with the activation of NK cells (32), and the activation of NK cells may negatively regulate HBV-specific CD8+ T cells (33). Therefore, the occurrence of hepatitis in HBV infection is not only related to the function of CD8+ T lymphocytes, but also related to the function of various immune cells such as NK cells.

Cytokines play a vital role in virus clearance. Cytokines can directly inhibit virus replication, leading necrosis of hepatocytes infected with virus, and stimulate or inhibit other immune cells to conduct immune regulation and form a certain immune environment. We also explored the relativity of cytokines and clinical indexes in this study. Flt-3L also plays an important role as an essential growth factor for NK and DCs (34). IFN-γ is an essential cytokine for CTLs to inhibit HBV replication and eliminate HBV in a non-cytolytic way (35). IL-17A is related to degree of inflammation as a pro-inflammatory cytokine (36). In our study, HBeAg and HBV DNA were positively related to Flt-3L, IL-17A and IFN-γ in AHB patients, which showed the activation of inflammation by HBV. We found that HBV DNA was also positively related to Flt-3L, IL-17A and IFN-γ in IT patients. Although the immune response is deeply downregulated in IT patient, the HBV DNA may still activate mild inflammation.

Our study still had some limitations. First, we only enrolled HBeAg-positive patients in this study for the sake of investigate the correlation of CD8+ T lymphocytes and cytokines with HBV antigens. Second, we didn’t pair baseline parameters among the three groups because it was difficult when patients were consecutively enrolled, which might lead to a bias. Third, the sample was small. Since patients were consecutively enrolled in this study and the sample size was relatively small, it was difficult to handle baseline parameters by propensity score matching. We will conduct large-sample studies with matched baseline parameters in the future to further avoid selection bias. Since occurrence and clearance of hepatitis caused by HBV involve various immune cells and cytokines, the outcome of CHB patients depends on the immune environment. Only some of the cytokines that contribute to CD8+ T lymphocytes function were investigated in this study.



Conclusion

In conclusion, the activation of CD8+ T lymphocytes was related to occurrence of AHB and CHB. Meanwhile, it is difficult to recover from HBV infection because of its insufficient expression of functional molecules of CD8+ T lymphocytes and depletion of CD8+ T lymphocytes.
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