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v8 T cells are a unique population of lymphocytes that have regulatory roles in patients with chronic hepatitis B
(CHB); however, their role in acute hepatitis B (AHB) infection remains unclear. Phenotype and function of y§ T
cells were analyzed in 29 AHB patients, 28 CHB patients, and 30 healthy controls (HCs) using immunofunctional
assays. Compared with HCs and CHB patients, decreased peripheral and increased hepatic y8 T cells were found
in AHB patients. Increased hepatic y8 T cells in AHB patients were attributed to elevated hepatic chemokine

levels. Peripheral y8 T cells exhibited highly activated and terminally differentiated memory phenotype in AHB
patients. Consistently, peripheral y8 T cells in AHB patients showed increased cytotoxic capacity and enhanced
antiviral activity which was further proved in longitudinal study. Activated y8 T cells in AHB patients exhibited
increased cytotoxicity and capacity for viral clearance associated with liver injury and the control of infection.

1. Introduction

Hepatitis B virus (HBV) is one of the most endemic pathogens.
Approximately 250 million people worldwide suffer from its persistent
infection [1]. There is considerable heterogeneity in the clinical man-
ifestations and outcomes between acute and chronic HBV infection
[2-4]. Accumulating data demonstrated that different outcomes of HBV
infection primarily were associated with the intensity of anti-viral im-
mune responses [4,5]. In acute hepatitis B (AHB) infection, the innate
immune cells occurred rapidly in early stage, and then the adaptive
immune cells eliminated HBV completely resulting in a self-limiting

hepatitis in adult AHB patients [6]. However, during chronic hepatitis B
(CHB) infection, impaired innate and adaptive immune cells were in-
capable of controlling viral replication and led to disease progression
[7-10]. Thus, dissecting the immune responses during early stages of
acute HBV infection can provide greater insight into the virus-host in-
teraction and the mechanisms of action on the control of virus. It was
well established that innate immune cells including natural killer (NK)
cells, NKT cells, and v8 T cells were enriched in liver [11]. Approxi-
mately 15%-25% of intrahepatic T cells expressed y8 T cell receptor
(TCR) [12], indicating that this specific lymphocyte population might
exert important functions in liver diseases. However, little information
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Table 1

Clinical data for the enrolled subjects.
Group Case Age (Years) Sex (M:F) ALT (U/L) DNA (IU/mL) sAg/sAb/eAg/eAb/cAb
HC 30 32 (18-48) 19:11 NA NA
CHB 28 30 (18-50) 19:9 472 (80-1537) 5.28 x 10° (2.90 x 10*-1.57 x 10%)
AHB 29 31 (17-50) 20:9 1003 (220-2299) 1.07 x 10° (1 x 10%-3 x 10%)
AHB 1 47 F 1945 5.20 x 10% +/=/+/+/+
AHB 2 25 F 2058 3.90 x 10* +/=/+/+/+
AHB 3 38 M 281 5.27 x 102 +/=/=/+/+
AHB 4 43 M 932 3.09 x 10* +/=/+/=/+
AHB 5 35 M 860 5.00 x 10? +/+/+/ =7+
AHB 6 17 M 1115 4.97 x 102 +/=/+/+/+
AHB 7 24 F 1379 1.10 x 10* +/=/+/=/+
AHB 8 19 M 1131 8.16 x 10* +/=/+/=/+
AHB 9 50 F 220 5.00 x 102 +/=/=/=/+
AHB 10 23 M 1727 1.00 x 10° +/=/=/+/+
AHB 11 31 M 2256 6.10 x 10° +/=/=/+/+
AHB 12 23 F 830 1.05 x 10° +/=/=/+/+
AHB 13 18 M 1130 3.00 x 102 +/+/=/+/+
AHB 14 22 M 240 2.00 x 10° +/=/=/+/+
AHB 15 24 M 1137 5.00 x 10% +/=/+/=/+
AHB 16 49 F 831 1.87 x 10* +/=/+/+/+
AHB 17 26 M 989 5.07 x 102 +/=/=/+/+
AHB 18 44 M 465 1.00 x 10% +/=/=/+/+
AHB 19 41 M 294 3.50 x 10° +/=/=/+/+
AHB 20 21 F 221 3.03 x 10° +/=/=/=/+
AHB 21 19 M 2299 4.00 x 102 +/=/+/=/+
AHB 22 35 M 386 3.00 x 10° +/+/=/+/+
AHB 23 21 M 922 5.02 x 102 +/=/=/+/+
AHB 24 35 M 2142 1.44 x 10° +/=/=/+/+
AHB 26 25 F 564 1.00 x 10% +/+/=/+/+
AHB 25 39 F 791 8.62 x 10° +/=/=/=/+
AHB 27 32 M 332 4.95 x 102 +/=/=/+/+
AHB 28 44 M 490 1.02 x 10° +/=/=/+/+
AHB 29 19 M 1132 5.00 x 10% +/=/=/+/+

10 HBeAg-positive and 19 HBeAg-negative AHB patients were enrolled in our study.

28 CHB HBeAg-positive patients were enrolled in this study.

ALT: alanine aminotransferase; s, surface; c, core; Ag, antigen; Ab, antibody; NA, not applicable.
HC, healthy control; CHB, chronic hepatitis B; AHB, acute hepatitis B; M, male; F, female.

is known regarding the function of y8 T cells during early stages of HBV
infection.

v8 T cells, which are described to link the innate and adaptive im-
munity, play critical roles against pathogen infection [13,14]. Based on
TCR 8 chain expression, those cells can be divided into V81, V82 and
V83 T cells in humans. They could directly or specifically recognize
pathogen infected cells through different mechanisms. In the early stage
of infection, y8 T cells can directly sense the signals from pathogen
infected cells through natural killer group 2D (NKG2D), Toll like re-
ceptor (TLR) or dectinl, which enable them to respond rapidly [
[13,15]]. Moreover, v8 T cells specifically recognize target cells via TCR
and induce death-receptor mediated apoptosis, release of cytolytic
granules and immune modulatory cytokines including Interferon (IFN)-
y, Interleukin (IL)-17, and tumor necrosis factor (TNF)-a [16-18].
Those y8 T cells with programmed effector functions also promote the
early recruitment and activation of neutrophils, macrophage and the
boosts of immature dendritic cells and T cells response [13,19].

Indeed, through cytotoxicity and immunomodulatory cytokines
mentioned above, y8 T cells are crucial in achieving the initial control
of viral infections [20,21]. However, these cells play different roles in
regulating the immune response against hepatic viral infections. On the
one hand, phosphorylated antigen or heat shock protein activated y8 T
cells and their subsets could efficiently clear hepatic viral infections as
well as restrict hepatic inflammation and fibrosis in Hepatitis C Virus
(HCV) infection patients or animal model [22-24]. On the other hand,
however, it was found that y8 T cells lost their capacity to inhibit HBV
replication and limit hepatitis-B-e antigen seroconversion in CHB pa-
tients by suppressing CD8* T cell responses [25,26]. Similar effects
exerted by y8 T cells were observed in immunotolerance HBV mouse
model [9]. Generally, y8 T cells participate in the pathogenesis of
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hepatic viral infections. Thus the exploration for the distinctive func-
tion of v8 T cell in AHB and CHB patients might help reveal the un-
derlying mechanism after HBV infection. However, there are limited
data available regarding clinical significance and immune status of
these cells in AHB patients with longitudinal follow-up.

By focusing on a cohort of HBV-infected patients, we investigated
different function of y8 T cells during acute and chronic HBV infection.
Our data showed that decreased peripheral y8 T cells and increased
hepatic y8 T cells were found in AHB patients, compared with CHB
patients. Moreover, activated y8 T cells exhibited enhanced cytotoxicity
and capacity for viral clearance during early stages of AHB infection,
indicating their potential role in the control of viral infection. Our
present study may be useful for analyzing the function of y& T cells
during HBV infection.

2. Materials and methods
2.1. Subjects

Blood samples were collected from 28 CHB, 29 AHB patients, and 30
age- and sex-matched healthy individuals as controls (HC) (Table 1). All
enrolled patients were diagnosed by the criteria described previously
[25,27]. AHB patients refer to untreated subjects with elevated serum
alanine-aminotransferase (ALT) levels > 100IU/L, first detection of
serum hepatitis-B-surface-antigen and immunoglobulin (Ig) M against
hepatitis-B-core antigen. Patients with acute-on-chronic HBV liver
failure (ACLF) infection, other virus infection, as well as individuals
with autoimmune liver diseases, alcoholic liver disease, and those who
met clinical or biological criteria of bacterial or fungal infections, were
excluded. CHB patients were untreated hepatitis-B-e-antigen positive
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Fig. 1. Quantitative changes of v3 T cells in AHB patients are associated with liver injury. A, Representative dot plots of peripheral v8 T cells in HCs, CHB and
AHB patients (gated on CD3™ T cells). B, Statistical analysis of the frequencies and absolute numbers of peripheral y8 T cells in CHB (n = 28), AHB patients (n = 29)
and sex- and age-matched HCs (n = 30). * indicates significance when compared with HCs, # indicates significance when compared with CHB patients. C, A
correlation analysis between the percentages of y8 T cells, serum alanine aminotransferase (ALT) levels (r = —0.657; P < .001) and hepatitis B virus (HBV) DNA
levels (P > .05) in AHB patients. Solid line, linear growth trend. D, Inmunohistochemical detection of y8 T cells in the liver tissues of HCs (n = 5), CHB (n = 8) and
AHB patients (n = 10) (magnification, 400 x ). Positively stained cells appeared red (CD3 TCR) and brown (y8 TCR, indicated by arrowheads) are present in both the
portal and lobular areas in the livers. The blue color represents the nucleus of the cells. As more hepatic y8 T cells were found in portal of AHB patients, we only
amplified a small area and indicated y8 TCR positive cells with arrowheads. E, Pooled data of CD3 and y8 T cell counts in both the portal and lobular areas in HCs
(n =5), CHB (n = 8) and AHB patients (n = 10). All data are presented as the means * standard errors of the mean and gated on CD3* T cells. * indicates
significance when compared with HCs. # indicates significance when compared with CHB group. * P < .05, *** P < .001, # P < .05, ## P < .01. (For inter-
pretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

CHB patients with ALT > 80IU/L, HBV DNA > 2 x 10*IU/mL. The separated by a polycarbonate membrane. After 6 h of incubation, y8 T

study protocol was performed in accordance with the ethical guidelines cells in the lower chamber were enumerated. Chemotaxis
of the 1975 Declaration of Helsinki and was approved by the Ethics Index = migrated y8 T cells/spontaneously migrated y8 T cells. Each
Committee of Beijing 302 Hospital. Written informed consent was ob- experimental condition was performed in -triplicates.

tained from each subject.
Liver biopsies were collected from 8 CHB and 10 AHB patients. Five

healthy tissue samples were also obtained from healthy donors during 2.3. Viral clearance assay

liver transplantation surgery. For pathological evaluation, liver biopsy

specimens were embedded in Tissue Tek for in situ im- Purified v8 T cells from AHB patients were pre-treated with anti-y8
munohistochemical staining. For hepatic chemokine examination, total TCR antibody (1 pg/mL, coated on 96-well plate) for 3 days and then
RNA from the liver biopsy was isolated for real-time polymerase-chain- co-cultured with HepG2.2.15 at different ratios in the presence of IL-2
reaction. (100 IU/mL) for 3 days. Supernatants were collected and examined for

the HBV DNA load. For transwell and neutralizing experiments, y& T
cells were cultured in the upper chamber and separated from
HepG2.2.15 (E:T = 10:1) by transwell membrane. For IFN-y and TNF-a
neutralizing assay, anti-IFN-y neutralizing antibody (8 pg/mL, R&D,
San Diego, USA) or isotype IgG2A antibody (8 ug/mL, R&D, San Diego,
USA), as well as anti-TNF-a neutralizing antibody (6 ug/mL, R&D, San
Diego, USA) or isotype IgG1 antibody (6 pg/mL, R&D, San Diego, USA)
were added to coculture system. The HBV DNA load in culture super-
natants were examined 3 days later.

2.2. Chemotaxis assay

v& T cells were purified by positive selection using anti-y8 TCR
microbeads (Miltenyi Biotech, Bergisch-Gladbach, Germany). The
purity of y8 T cells was > 95%. Cells were loaded to the upper chamber
of chemotaxis chamber (Corning, New York, USA) at density of 2 X 10°
cells/mL. Medium containing interferon-inducible-protein 10 (IP-10) (R
&D, San Diego, USA, 500 ng/mL), or with regulated-upon-activation
normal-T-cell expressed and secreted (RANTES) (R&D, San Diego, USA,
100 ng/mL) was loaded into the lower chambers. The chambers were
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Fig. 2. Increased chemokines might contribute to the increased number of hepatic y8 T cells. A, Statistical data regarding the serum levels of interferon
inducible protein 10 (IP-10) and regulated upon activation normal T cell expressed and secreted (RANTES) in HC (n = 30), CHB (n = 28) and AHB (n = 29) groups as
quantified by enzyme-linked immunosorbent assay. B, Liver biopsy RNA levels of IP-10 and RANTES in HCs (n = 5), CHB (n = 8) and AHB (n = 10) groups are
quantified by real-time PCR. C, Representative dot plots of CXC receptor (CXCR) 3 and CC receptor (CCR) 5 expressed on v8 T cells in three groups. D, Pooled data
showing the expression of CXCR3 and CCR5 on y8 T cells in HCs (n = 30), CHB (n = 28) and AHB (n = 29) groups. E, Pooled data showing that y8 T cells from CHB
patients (n = 20) exhibit a lower chemotaxis index than those from HCs (n = 20) and AHB (n = 20) group when treated with IP-10 (500 ng/mL) and RANTES
(100 ng/mL). All data are presented as the means * standard errors of the mean. * indicates significance when compared with the HCs. # indicates significance
when compared with CHB group. *P < .05, **P < .01, ***P < .001, #P < .05, ##P < .01, ###P < .001.

2.4. Statistical analysis patients compared to HC and CHB groups (Fig. 1B). Furthermore, a
significant negative correlation was observed between frequency of

All data were analyzed using SPSS software (Chicago, IL, USA) and peripheral y8 T cells and the serum ALT levels (r = —0.657, P < .001)
presented as the mean and standard errors of the mean. Multiple but not the serum HBV DNA loads (r = —0.130, P > .05; Fig. 1C) in

comparisons were made between different groups using a Kruskal- AHB patients. We next examined the distribution of hepatic y8 T cells
Wallis H nonparametric test. Correlation analysis was evaluated by the by immunohistochemical staining (y8 TCR, brown; CD3 TCR, red; nu-
Spearman rank correlation test. Comparisons between various in- cleus, blue). Compared with HCs, the number of hepatic y8 T cells in-
dividuals were performed using a Mann-Whitney U test. Comparisons creased in CHB patients and further increased in AHB patients (Fig. 1D,
between different phases of one person were performed using a arrowheads indicated y8 TCR positive cells, we amplified a small portal
Wilcoxon matched pairs t-test. For all tests, a two-sided P-value < .05 area of AHB patients and indicated y8 T cells with arrowheads). Sta-
was considered to be statistically significant. tistical analysis of hepatic CD3* T cells and y8 T cell counts in portal

Other methods and materials (e.g., Flow cytometry and cytolytic and lobular areas further confirmed this observation (Fig. 1E). Notably,
killing assay) were presented in supplementary method. more hepatic y8 T cell were found in inflamed lobular areas of liver in

AHB patients. These data manifested the quantitative change of per-

ipheral and hepatic y8 T cells in AHB patients.
3. Results

3.1. Increased hepatic v T cells and decreased peripheral v§ T cells were 3.2. Increased chemokine-induced infiltration of y§ T cells into liver of AHB

found in AHB patients patients
The levels of y8 T cells were assayed in HC, CHB and AHB groups. As quantity of hepatic y8 T cells increased in AHB patients, we
Flow cytometry results of peripheral y8 T cells (gated on CD3* T cells) further investigated the mechanisms underlying the migration of these

were determined in three groups (Fig. 1A). Notably, the percentage of cells. Compared with HC and CHB groups, significantly higher levels of
peripheral y8 T cells was lower in AHB and CHB patients than that in IP-10 and RANTES were observed in the sera and liver biopsies of AHB
HCs. Statistical data revealed that compared with HCs, the percentage patients (Fig. 2A and B). The corresponding receptors for both IP-10
of peripheral y8 T cells significantly decreased in CHB patients and and RANTES on y8 T cells were screened in three groups. We found that
further reduced in AHB patients (Fig. 1B). To validate these findings, compared with HCs, both CXCR3 (IP-10 ligand) and CCR5 (RANTES
absolute numbers of peripheral y8 T cells in three groups were com- ligand) were significantly down-regulated on y8 T cells in CHB but not
pared. The lowest numbers of peripheral y8 T cells were found in AHB in AHB patients (Fig. 2C). Statistical analysis further confirmed this
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observation (Fig. 2D). Moreover, y8 T cells from CHB patients exhibited
reduced chemotaxis compared to those from HC and AHB groups in
response to IP-10 and RANTES in vitro (Fig. 2E). These data suggested
that maintained chemotaxis capacity and increased IP-10 and RANTES
levels promoted the accumulation of y8 T cells into livers of AHB pa-
tients.

3.3. v T cells from AHB patients exhibited an activated memory TgyRA
phenotype

The expression of CD38, CD69, and human leukocyte antigen
(HLA)-DR were analyzed to assess the activation status of y8 T cells in
three groups (Fig. 3A). Statistical analysis revealed that peripheral v T
cells derived from AHB patients expressed significantly higher fre-
quencies of CD38 and HLA-DR than HC and CHB groups, while a higher
level of CD69 expression on y8 T cells was identified in CHB patients
(Fig. 3B). A similar pattern was observed in the MFI of CD38 and HLA-
DR expression on y8 T cells in three groups. However, mean fluores-
cence intensity of CD69 expression on y8 T cells in AHB and CHB pa-
tients was higher than HCs (Supplementary Fig. 1). Moreover, the fre-
quency of peripheral CD38%y8 T cells was positively correlated with
serum ALT levels (r = 0.556, P = .002; Fig. 3C) and HBV DNA loads

TemRA  Thaive

44

Tem Tem

(r = 0.432, P = .027; Fig. 3D). CCR7 and CD45RA were used to eval-
uate memory subsets of y8 T cells in three groups (Fig. 3E). It was re-
vealed that peripheral y8 T cells from AHB patients retained the highest
percentage of CD45RA* CCR7 ~ TgyRA cells and the lowest percentage
of CD45RA~CCR7 " Ty and CD45RA ™ CCR7 ™ Tgy cells among three
groups (Fig. 3F). These data suggested that peripheral y8 T cells from
AHB patients exhibited an activated memory TgyRA phenotype and
that these activated y8 T cells were associated with liver injury and viral
loads.

3.4. Cytolytic function of v8 T cells was selectively increased in AHB
patients

The expressions of the markers of cytotoxicity: Granzyme A (GrA),
Granzyme B (GrB), and perforin in peripheral y8 T cells were firstly
assesed in three groups (Fig. 4A). Statistical data indicated that y8 T
cells from AHB patients produced greater amount of GrB but reduced
GrA compared with HC and CHB groups. Moreover, the frequencies of
perforin"y8 T cells showed no significant differences in three groups
(Fig. 4B). We further found that the frequency of CD56*y8 T cells in
CHB and AHB patients was higher than in HCs. Moreover, the frequency
of NKG2A*v8 T cells was higher in CHB patients compared with HCs
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Fig. 4. Enhanced cytolytic capability of y3 T cells
in AHB patients. A, Representative dot plots depict
the expression of isotype control, granzyme A (GrA),
granzyme B (GrB), and perforin (Perf) on y8 T cells
from three groups. (Gated on y8 T cells). B, Pooled
data of y8 T cells expressing GrA, GrB, and Perf in
HCs (n = 25), CHB (n = 20) and AHB (n = 20) pa-
tients. * indicates significance when compared with
HCs. # indicates significance when compared with
CHB group. (C) Statistic data regarding the expres-
sion of NKG2D, NKG2A, and CD56 on v8 T cells from
HCs (n = 25), CHB (n = 20) and AHB (n = 20) pa-
tients. * indicates significance when compared with
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and AHB patients, whereas the frequencies of NKG2D* v8 T cells were
similar among three groups (Fig. 4C). Notably, CD107a expression on
v8 T cells was significantly upregulated in AHB than in the other two
groups (Fig. 4D). y8 T cells were further incubated with HepG2 (as
control) and HBV transfected cell line, HepG2.2.15. y8 T cells showed
enhanced cytotoxicity to target cells in AHB patients than in HCs and
CHB groups. Meanwhile, y8 T cells from AHB patients induced sig-
nificantly higher lysis of HepG2.2.15 than HepG2 cells (Fig. 4E). Taken
together, these data suggested an enhanced cytotoxic capability of
peripheral y8 T cells in AHB patients.

3.5. v8 T cells displayed enhanced cytokine production and antiviral
activity in AHB patients

To examine non-cytolytic antiviral activity of those cells in AHB
patients, cytokines production of y8 T cells were analyzed. More IFN-y
and TNF-a were secreted by peripheral v8 T cells in AHB patients than
in other two groups (Fig. 5A). Though y8 T cells were reported as the
main source of IL-17 and played crucial role in infectious diseases [13],
v8 T cells secreted little IL-17 among three groups (Fig. 5B). To better
detect the IL-17 production by y8 T cells, PMA and ionomycine were
used to measure the enormous release of IL-17 by those cells. Fur-
thermore, we incubated y8 T cells with HepG2.2.15, supernatants were
collected to detect the HBV DNA load. Statistic data revealed that in the
presence of y8 T cells from AHB patients, supernatants HBV DNA load
of HepG2.2.15 were significantly decreased than other groups (Fig. 5C).
To explore underlying mechanisms, a transwell co-culture assay was
performed. Separation of y8 T cells and HepG2.2.15 with transwell
chamber partially increased HBV DNA load in supernatants when

* ¥
|il |
ﬂ
0
HC CHB AHB
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compared with co-culture system without transwell chamber (Fig. 5D).
Moreover, neutralizing anti-IFN-y, anti-TNF-a and corresponding iso-
type antibodies were added into the transwell co-culture system. Both
anti-IFN-y and anti-TNF-a antibodies significantly increased the HBV
DNA loads in supernatant when compared with isotype antibodies
(Fig. 5D). Briefly, peripheral y8 T cells from AHB patients exhibited
enhanced cytolytic and antiviral activity at least partially via secretion
of IFN-y and TNF-a.

3.6. Longitudinal analysis of the phenotypes of yv§ T cell in AHB patients

The serum ALT, HBV DNA and phenotypes of y& T cells were
longitudinally analyzed in peripheral blood of AHB patients during the
acute (median: 2 weeks since the clinical onset; range: 1-3 weeks) and
convalescence phases (median: 16 weeks since the clinical onset; range:
8-28 weeks) for 8 AHB patients (Fig. 6A). It was found that frequency of
peripheral v8 T cells was significantly increased with reducing of serum
HBV DNA and ALT levels to normal levels from the acute phase to
convalescence phase in AHB patients (Fig. 6B). Remarkably, the ex-
pressions of CD38, HLA-DR, and TgyRA on y8 T cells were all found to
be significantly reduced, while Tgy y8 T cells significantly increased
during convalescence phase compared to acute phase in the same AHB
patient (Fig. 6C). Meanwhile, cytotoxicity markers (GrB, CD56,
CD107a) and IFN-y were significantly decreased in y8 T cells during
convalescence phase (Fig. 6D). These data demonstrated that the status
of activation, cytotoxic and viral clearance capability of y8 T cells was
decreased during the recovery of AHB patients.
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Fig. 5. y8 T cells from AHB patients exhibit in-
creased cytokine production and viral clearance
capacity. A, Quantitative analysis of IFN-y and TNF-
a produced by y8 T cells from HCs (n = 20), CHB
(n=20) and AHB (n=20) patients. B,
Representative dot plots show the secretion of IL-17
on v8 T cells from three groups (Gated on CD3™ T
cell, left). Statistic data indicating the percentage of
IL-17 secreted by y8 T cells from HCs (n = 15), CHB
(n = 15) and AHB (n = 15) patients (Gated on CD3*
T cell, right). C, Pooled data show the HBV DNA load
in the supernatants of the coculture system: y8 T cells
from HCs (n = 10), CHB patients (n = 10) and AHB
patients (n = 10) incubated with HepG2.2.15 cells
(E:T = 10:1). HepG2.2.15 only was considered as
control. * indicates significance when compared with
HepG2.2.15 control. # indicates significance when
compared with HCs. D, Both the transwell system
and neutralization assay for IFN-y and TNF-a in a
coculture system (y8 T cells:HepG2.2.15 = 10:1)
could partially restore the HBV DNA load in the su-
pernatants. All data are presented as the means +
standard errors of the mean. * indicates significance
when compared with HepG2.2.15 only group. # in-
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CHB AHB dicates significance when compared with the y8 T
cells and HepG2.2.15 coculture system. & indicates
significance when compared with the transwell co-
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4. Discussion

Human v8 T cells play critical roles in regulating the immune re-
sponse against viral infections [22]. However, the specific function of
these cells during early acute HBV infection remains largely unknown.
In the present study, decreased peripheral and increased hepatic y6 T
cells were found in AHB patients. Accumulation of hepatic y6 T cells in
AHB patients was attributed to the chemoattractive/chemotactic effects
elicited by IP-10 and RANTES. Unlike that from HCs and CHB patients,
v8 T cells from AHB patients were more activated and exhibited ele-
vated cytotoxicity and antiviral activity, which were further confirmed
in a longitudinal study.

Increasing evidence revealed that adequate innate immune response
is crucial for achieving early effective viral control [6]. Our previous
study demonstrated that impaired V82 y8 T cells contributed to HBV
progression in CHB patients [25]. In order to reveal role of y8 T cells in
early HBV infection, we explored for the characteristics of those cells in
AHB patients. Firstly, similar to the studies in chronic HCV infection
and ACLF [28,29], decreased peripheral y8 T cells were correlated with
liver injury and increased hepatic y8 T cells were found in AHB patients
compared with HCs and CHB patients. Particularly, more hepatic y8 T
cells were detected in portal areas than lobular areas in AHB patients.
As the recruitment of immune cells into hepatic portal areas were often
related to virus clearance or liver damage [6,10], the increased number
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of hepatic y§ T cells might imply a pathogenic role during acute HBV
infection. Secondly, we further investigated the cause of increased he-
patic ¥8 T cell infiltration in AHB patients. Chemokines which were
associated with migration of y8 T cells [25,30] were analyzed. IP-10
and RANTES, but not monocyte chemotactic protein 1 or stromal cell
derived factor la (data not shown), were significantly increased in
serum and liver biopsies of AHB patients than the other two groups.
Unlike attenuated chemotactic capability of y8 T cells in CHB patients
[25], these cells from AHB patients maintained a complete chemotactic
capacity as HCs. Thirdly, more effector (TgyRA) y8 T cells which was
reported to have regulatory and virus clearance capacity [13] were
found in AHB patients. More activated y8 T cells were found in AHB
patients and dominated by activation receptor CD38 and HLA-DR. The
activated CD38" v3 T cells were significantly positively correlated with
serum ALT and HBV DNA load in AHB patients. As serum ALT was a
clinical parameter of liver injury in HBV infection patients, the acti-
vated y8 T cells could be associated with liver injury. These findings
explain status changes of y8 T cells in AHB patients, which indicate the
participation of these cells in acute HBV pathogenesis.

During acute HBV infection, the early stages are characterized by
temporary cytotoxicity and viral clearance function of innate immune
cells [6], antiviral functions of y8 T cells in AHB patients were ex-
amined in two aspects: cytolytic capacity and non-cytolytic (cytokine
production) capability. We firstly analyzed cytolytic potential of y§ T
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Fig. 6. Dynamic expression of the clinical parameters and immunological status of y8 T cells in AHB patients. A, Representative dot plots indicate the y8 T cell
frequencies and immune status expression markers on y8 T cells in AHB patients during the acute and convalescent phases of infection. Values indicate the
percentages of immune marker positive y8 T cells. B, The dynamic changes in the serum ALT levels, HBV DNA, and the percentages of peripheral y8 T cells were
analyzed in AHB patients during the acute and convalescent phases. C, CD38, HLA-DR and memory phenotype expression of y8 T cells were detected in the same AHB
patients during the acute and convalescent phases. D, GrB, CD56 and CD107a expression on y8 T cells from AHB patients, as well as IFN-y production were probed
during the acute and convalescent phases. Each plot represents one patient. *P < .05, **P < .01, ***P < .001.

cells in three groups. It was reported that y8 T cells displayed impaired
[31] or enhanced [29] cytolytic activity in CHB or ACLF patients, re-
spectively. As degranulation molecules and NK cell marker were con-
sidered to be features of activated innate immune cells during viral
clearance [32], increased granzyme B, CD56 and CD107a and lower
expression of negative regulated marker NKG2A [6] on v8 T cells in-
dicated elevated cytotoxicity of those cells in AHB patients. Further-
more, we explored the cytolytic capability of 8 T cells by incubating
them with HBV transfected cell line HepG2.2.15 and control (HepG2).
Unlike lower cytolytic capacity of these cells in CHB and chronic he-
patitis C (CHC) patients [31,32]  y8 T cells from AHB patients induced
more lysis of HepG2.2.15 than other two groups. Intriguingly, y8 T cells
from AHB patient lyzed more HepG2.2.15 than HepG2 control which
was attributed to the HBV antigens or HSP expression in HepG2.2.15
that could activate y8 T cells. Subsequently, non-cytolytic antiviral
mechanisms of those cells were explored. Compared with CHB patients
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and HCs, elevated IFN-y and TNF-a but not IL-17 production of y8 T
cells were found in AHB patients. Interestingly, as the main source of IL-
17 in mice model [14], y8 T cells barely secret IL-17 in three groups.
This may be attributed to the different subjects we studied. Meantime,
situations were different in ACLF patients where y8 T cells secreted
increased TNF-a and IL-17 [29], which may ascribed to the different
immune status of patients and different stimulated condition. We fur-
ther proved that y8 T cells from AHB patients displayed enhanced in-
hibition of HBV replication in HepG2.2.15. Then, transwell assays and
neutralizing assays were performed to detect the underlying mechan-
isms. Like CHC patients [22], y8 T cells from AHB patients significantly
inhibited HBV replication at least partially through IFN-y and TNF-a
production. As decreased secretion of IFN-y by y8 T cell may lead to
viral persistence in CHB patients [ [31]], we concluded that sufficient
cytokine production by y8 T cells were important for achieving viral
clearance during acute HBV infection. Finally, using longitudinal
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follow-up study, we further demonstrated that activated functional y8 T
cells possessed enhanced cytotoxic and antiviral capability. During
convalescence phase, the frequency of peripheral y8 T cells was in-
creased, cytotoxicity and cytokine (IFN-y) production of y8 T cells were
decreased in AHB patients compared with those observed in acute
phase. These results were similar to the decreased cytotoxicity of NK
cells and the suppression of activated CD8* T cells as infection resolved
in AHB patients [6]. Collectively, we concluded that adequate cyto-
toxicity and viral clearance performed by y8 T cells in AHB patients
were crucial for achieving effective viral control.

This study had some limitations: firstly, only the function of total y8
T cells but not their subsets (V81, V82 T cells) were analyzed. Secondly,
in our longitudinal follow up study, only blood samples of acute and
convalescence phase were collected. It should be informative to analyze
v8 T cell responses during incubation phase of acute HBV infection in
further studies. Thirdly, although intrahepatic distribution of y8 T cells
was detected via immunohistochemical staining, our study lacked de-
scription of immune status and antiviral activity of these hepatic y8 T
cells. It was hard to obtain enough liver specimens from AHB patients to
perform the relevant experiments. Thus, further studies should be de-
signed to detect the phenotype and functional changes of hepatic y8 T
cells in AHB patients.

In conclusion, this study elucidated the quantity and functional
changes of v T cells during acute HBV infection. In AHB patients, the
activated y8 T cells exhibited increased cytolytic and anti-viral re-
sponses during acute phase, which was decreased to normal range
during convalescence phase along with the recovery of liver injury and
HBV clearance. These findings extend our knowledge regarding the
features of y8 T cells in acute HBV infection.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.clim.2019.03.005.
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