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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 (HBsAQg), 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 vy (IFN-y), and Interferon a2
(IFN-02) 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, 6.711% vs. 3.02[2.17, 3.44]%; H=26.207, P=0.001;
H=28.585, P=0.002), and the mean fluorescence intensity (MFIl) 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 (B=-0.025, t=-2.613, P=0.014; f=-0.021,
t=-2.286, P=0.030), meanwhile, HBeAg was negatively related to the
frequency of CD69+CD8+ T lymphocytes (8=-61.306, t=-2.116, P=0.043). In
AHB group, IFN-02 was positively related to the frequency of CD8+ T
lymphocytes (8=6.798, t=2.629, P=0.016); however, in CHB group, IFN-o2
was negatively associated with frequency of CD8+ T lymphocytes (=-14.534,
t=-2.085, P=0.043). In CHB group, HBeAg was positively associated with
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frequency of CD69+CD8+ T lymphocytes (=43.912, t=2.027, P=0.048). In
AHB group, ALT was positively related to CD69MFI (f=35.042, t=2.896,
P=0.007), but HBsAg was negatively related to CD178MFI (B=-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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chronic hepatitis B, acute hepatitis B, cytokines, CD8+ T cells, immune tolerance

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 y (IFN-y), 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

Frontiers in Immunology

02

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) >10"1U/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
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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 TaqgMan 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 100l 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 300xg 5 minutes and aspirated the supernatant,
2ml phosphate buffered saline (PBS) was added and vortex lightly;
4) after centrifuged at 300xg 5 minutes and aspirated the
supernatant, the sample was re-suspended with 200ul 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
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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 0.2
(IFN-012), IFN-vy, 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] umol/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,

frontiersin.org


https://doi.org/10.3389/fimmu.2022.1036612
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Xie et al.

4.19], 2.80[2.18, 3.59] logIOIU/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] log;,IU/
ml; H=61.988, P=0.000) among the three groups (Table 1).

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

10.3389/fimmu.2022.1036612

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).

Correlation of CD8+ T lymphocytes with
clinical indexes and cytokines

In IT group, HBsAg and HBV DNA load had negative
correlation with CD69MFI (=-0.025, t=-2.613, P=0.014; =-0.021,
t=-2.286, P=0.030), and HBeAg was negatively correlated with
frequency of CD69+CD8+ T lymphocytes (f=-61.306, t=-2.116,
P=0.043). In CHB group, HBeAg was positively related to
frequency of CD69+CD8+ T lymphocytes (=43.912, t=2.027,
P=0.048), and IFN-0.2 was negatively related to frequency of CD8+
T lymphocytes (f=-14.534, t=-2.085, P=0.043). In AHB group, ALT
was positively related to CD69MFI (3=35.042, =2.896, P=0.007),
HBsAg was negatively related to CD178MFI (=-0.137, t=-3.273,
P=0.003), and IFN-0.2 was positively related to the frequency of CD8
+ T lymphocytes (=6.798, t=2.629, P=0.016) (Table 2).

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

Values IT group CHB group AHB group P P1 p2 p3
(n=30) (n=50) (n=32) (ITvsCHB) (ITvs AHB) (CHB vs
AHB)
Sex (male/female) 14/16 28/22 7=2.264, 2=0.655, 2=2.264, 1=0.752,
P=0.322 P=0.418 P=0.132 P=0.386
Age (years) 27.00 (25.75, 31.25) 30.00 (27.00, 36.25) 33.00 (27.00, 49.75) H=7.904, H=13.960, H=22.988, H=9.028,
(median P=0.019 P=0.187 P=0.016 P=0.656
(Q1, Q3])
ALT (U/L) 29.85 (21.83,39.85)  252.70 (129.45, 361.50)  930.10 (447.25, 1902.48) ~ H=74.981, H=42.435, H=70.360, H=27.925,
(median [Q1, Q3]) P=0.000 P=0.000 P=0.000 P=0.000
TBIL (umol/L) 10.25 (7.33, 14.43) 14.10 (11.90, 18.15) 52.55 (25.48, 111.02) H=55.928, H=19.529, H=59.358, H=39.829,
(median [Q1, Q3]) P=0.000 P=0.027 P=0.000 P=0.000
ALB (g/L) 47.45 (45.68, 49.30) 44.90 (42.30, 47.00) 42.95 (38.05, 44.35) H=28.965, H=-17.692, H=-43.774, H=-26.082,
(median [Q1, Q3]) P=0.000 P=0.047 P=0.000 P=0.001
HBsAg (logyoIU/ml) 4.79 (4.59, 4.93) 3.89 (3.46, 4.19) 2.80 (2.18, 3.59) H=60.732, H=-37.003, H=64.099, H=-27.096,
(median [Q1, Q3]) P=0.000 P=0.000 P=0.000 P=0.001
HBeAg (S/CO) 1606.36 (1556.53,  933.34 (467.38, 1316.67) 5.93 (0.92, 59.31) H=77.956, H=-35.893, H=-72.833, H=-36.940,
(median [Q1, Q3]) 1679.44) P=0.000 P=0.000 P=0.000 P=0.000
HBV DNA 8.11 + 0.48 7.05 £ 1.23 4.61 + 1.40 H=61.988, H=-25.993, H=-63.741, H=-37.748,
(logyoIU/ml) P=0.000 P=0.001 P=0.000 P=0.000
(mean + SD)
CD8+/LC (%) 25.05 + 6.31 24.60 £ 7.24 27.11 + 7.14 F=1.333, 1=0.287, t=-1.201, t=-1.544,
(mean + SD) P=0.268 P=0.775 P=0.235 P=0.127
CD69+/CD8+ (%) 3.02 (2.17, 3.44) 4.19 (3.01, 6.18) 4.45 (2.93, 6.71) H=15.439, H=26.207, H=28.585, H=2.379,
(median [Q1, Q3]) P=0.000 P=0.001 P=0.002 P=1.000
CD8+CD69MEFI 2045 (19.05, 27.75) 23.40 (16.78, 28.13) 27.35 (24.88, 32.25) H=12.195, H=3.777, H=25.832, H=22.056,
(median [Q1, Q3]) P=0.002 P=1.000 P=0.005 P=0.008
CD178+/CD8+ (%) 1.03 (0.83, 1.67) 1.16 (0.85, 1.50) 1.16 (0.90, 1.93) H=1.622, H=0.714, H=1485, H=0.388,
(median [Q1, Q3]) P=0.445 P=0.398 P=0.223 P=0.533
CD8+CD178MFI 21.00 + 4.73 22.10 £ 6.05 23.92 527 F=0.642, t=-0.846, 1=-2.284, 1=-1.395,
(mean + SD) P=0.528 P=0.400 P=0.026 P=0.167

ALT, Alanine aminotransferase; TBIL, total bilirubin; ALB, albumin; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus desoxyribose nucleic
acid; MFI, mean fluorescence intensity; IT, immune tolerance; CHB, chronic hepatitis B; AHB, acute hepatitis B.
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Comparison of the frequency of CD8+ T cells in leukomonocytes, the frequency of CD69+CD8+ T cells in CD8+ T cells, the CD8+CD69MFI,
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fluorescence intensity; IT, immune tolerance; CHB, chronic hepatitis B; AHB, acute hepatitis B.

Correlation of cytokines with
clinical parameters

HBYV DNA was positively related to Flt-3L, IL-17A and IFN-
Y (B=0.001, ¢=2.254, P=0.034; =0.002, t=2.269, P=0.033;
B=0.001, #=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 IEN-y
(B=7.057, t=7.763, P=0.000; B=1.695, t=7.123, P=0.000;
B=2.949, t=11.940, P=0.000), and HBV DNA was also
positively related to Flt-3L, IL-17A and IFN-y (3=0.004,
t=2.343, P=0.029; =0.015, t=2.320, P=0.030; $=0.006, t=2.671,
P=0.014) (Table 3).

Frontiers in Immunology

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

ALT (U/L)

HBsAg
(log;IU/
ml)
HBeAg
(S/CO)
HBV
DNA
(logoIU/
ml)
Flt-3L
(pg/ml)
IFN-02
(pg/ml)
IFN-y
(pg/ml)
1L-17A
(pg/ml)

IT group

CHB group

AHB group

CD8+
(%)

t=1.227,
P=0.230

t=0.118,
P=0.907

t=1.659,
P=0.108
t=-0.712,
P=0.482

t=-0.202,
P=0.842
t=-0.272,
P=0.788
t=-0.116,
P=0.909
t=0.122,
P=0.904

CD69+
(%)

t=-0.777,
P=0.444
t=-1.378,
P=0.179

t=-2.116,
P=0.043
t=-0.770,
P=0.448

t=-0.374,
P=0.712
t=-0.900,
P=0.378
t=-0.165,
P=0.870
t=-0.359,
P=0.723

CD69MFI CD178+ CD178MFI

t=-0.620,
P=0.540
t=-2.613,
P=0.014

t=-1.494,
P=0.146
t=-2.286,
P=0.030

t=-1.029,
P=0.315
t=-1.080,
P=0.292
t=-1.471,
P=0.156
t=-1.424,
P=0.168

(%)

t=-1.358,
P=0.185

t=1.119,
P=0.273

t=-0.112,
P=0911
1=1.427,
P=0.165

t=1.891,
P=0.072
t=-0.513,
P=0.613
t=0.867,
P=0.395
t=-0.904,
P=0.376

t=1.474,
P=0.152
t=0.972,
P=0.339

t=0.914,
P=0.369

t=0.567,
P=0.575

t=0.050,
P=0.961
t=-0.474,
P=0.640
t=-0.994,
P=0.331
t=-0.857,
P=0.400

CD8+
(%)

t=-0.668,
P=0.508

t=0.713,
P=0.480

t=1.313,
P=0.196

t=0.585,
P=0.561

t=-1.915,
P=0.062
t=-2.085,
P=0.043
t=-1.231,
P=0.225
t=-1.230,
P=0.226

CD69+
(%)

t=-0.638,
P=0.527

t=0.967,
P=0.338

t=2.027,
P=0.048

t=1.870,
P=0.068

t=-1.028,
P=0.310
t=-0.497,
P=0.622
t=-0.533,
P=0.597
t=-0.483,
P=0.632

CD69MFI CD178+ CD178MFI

t=-0.161,
P=0.873
t=-0.345,
P=0.731

t=0.053,
P=0.958

t=1.210,
P=0.232

t=-0.409,
P=0.685
t=-0.870,
P=0.389
t=-0.511,
P=0.612
t=-0.486,
P=0.630

(%)

t=0.094,
P=0.925

t=0.459,
P=0.648

t=-0.021,
P=0.983

t=0.599,
P=0.552

t=-1.108,
P=0.274
t=-0.776,
P=0.442
t=-0.819,
P=0.417
t=-0.699,
P=0.489

1=-0.348,
P=0.729
t=-0.969,
P=0.337

t=-0.164,
P=0.870
t=-0.561,
P=0.578

t=-0.594,
P=0.556
t=-0.844,
P=0.403

t=-1.220,
P=0.229
t=-1.463,
P=0.151

CD8+
(%)

t=0.752,
P=0.458

t=0.825,
P=0.416

t=0.672,
P=0.507

t=0.190,
P=0.851

t=0.760,
P=0.456

1=2.629,
P=0.016
t=0.632,
P=0.534

t=1.440,
P=0.165

CD69+
(%)

t=0.128,
P=0.899

t=1.426,
P=0.164

t=-0.261,
P=0.796
t=-0.191,
P=0.850

t=-1.500,
P=0.149
t=0.485,
P=0.633
t=-0.945,
P=0.355
t=-0.616,
P=0.544

CD69MFI CD178+

1=2.896,
P=0.007
t=-0.209,
P=0.836

t=-0.770,
P=0.447

t=0.958,
P=0.346

t=-0.473,
P=0.641

t=1.517,
P=0.144
t=-1.004,
P=0.327
t=-0.923,
P=0.367

(%)

t=-0.471,
P=0.641
t=-0.233,
P=0.817

t=0.010,
P=0.992
t=-0.519,
P=0.607

t=0.089,
P=0.930
t=2.025,
P=0.056
t=0.069,
P=0.946
t=-0.032,
P=0.975

CD178MFI

t=1.178,
P=0.248
t=-3.273,
P=0.003

t=-1.618,
P=0.116
t=-0.793,
P=0.434

t=-0.960,
P=0.348
t=0.439,
P=0.665
t=-1.574,
P=0.131
t=-1.521,
P=0.143

ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus desoxyribose nucleic acid; Flt-3L, fms-like tyrosine kinase 3 ligand; IFN-012, interferon 0:2; IFN-7, interferon y; IL-17A, interleukin
17A; IT, immune tolerance; CHB, chronic hepatitis B; AHB, acute hepatitis B; MFI, mean fluorescence intensity.
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TABLE 3 Correlation of cytokines with clinical indexes.

10.3389/fimmu.2022.1036612

IT group CHB group AHB group
Flt-3L IFN-02 IFN-y IL-17A Flt-3L IFN-02 IFN-y IL-17A Flt-3L IFN-o2 IFN-y IL-17A
(pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml)
ALT (U/L) t=-0.487, t=-0.622, t=0.594, t=0.347, t=-0.648, t=0.255, t=-0.777, t=-1.004, t=0.561, t=-0.785, t=-0.010, t=0.738,
P=0.631 P=0.540 P=0.559 P=0.732 P=0.521 P=0.800 P=0.442 P=0.321 P=0.581 P=0.441 P=0.992 P=0.469
HBsAg t=1.561, t=0.716, t=1.088, t=1.301, t=-0.347, t=-1.022, t=-0.035, t=0.240, t=0.942, t=-0.063, t=1.855, t=1.522,
(logwIU/ml) P=0.133 P=0.482 P=0.288 P=0.207 P=0.731 P=0.312 P=0.972 P=0.812 P=0.357 P=0.950 P=0.078 P=0.143
HBeAg t=0.907, t=1.200, t=0.969, t=1.294, t=1.328, t=1.068, t=1.723, t=1.726, t=7.123, t=0.718, t=11.940, t=7.763,
(S/CO) P=0.374 P=0.243 P=0.343 P=0.209 P=0.191 P=0.292 P=0.092 P=0.092 P=0.000 P=0.480 P=0.000 P=0.000
HBV DNA t=2.254, t=1.403, t=2.205, 1=2.269, t=-0.206, t=-0.783, t=-0.064, t=0.109, t=2.343, t=-0.188, t=2.671, 1=2.320,
(longU/ml) P=0.034 P=0.174 P=0.038 P=0.033 P=0.838 P=0.438 P=0.950 P=0.914 P=0.029 P=0.852 P=0.014 P=0.030

ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus desoxyribose nucleic acid; IT, immune tolerance; CHB,
chronic hepatitis B; AHB, acute hepatitis B. Flt-3L, fms-like tyrosine kinase 3 ligand; IFN-012, interferon 0.2; IFN-y, interferon ; IL-17A, interleukin 17A.

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-o 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-a. 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
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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-yand TNF-a 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).
lymphocytes to activate immune response (12). In our study,

As mentioned above, IFN-o can stimulate CD8+ T

IFN-02 was positively related to frequency of CD8+ T
lymphocytes in AHB group, which could confirm this
statement. Interestingly, we found that IFN-02 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
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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-y 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
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study, HBeAg and HBV DNA were positively related to Flt-3L,
IL-17A and IFN-y 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-y 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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