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INTRODUCTION

Hepatitis A virus (HAV) is a non-enveloped, single-stranded 
RNA virus of the Picornaviridae family.1 HAV infection is often 
asymptomatic in children. However, HAV infection in adults 
tends to result in acute hepatitis, called acute hepatitis A (AHA), 

one of the most common forms of acute viral hepatitis.2-4 In 
adult patients with AHA, severe liver injury and jaundice fre-
quently develop and last for several weeks. However, AHA re-
solves spontaneously in most cases and does not progress to 
chronic viral hepatitis.5 

Hepatitis B virus (HBV) is a partly double-stranded DNA vi-
rus that belongs to the Hepadnaviridae family.6 HBV infection 
is the most common form of chronic viral infection in the 
world, with more than 350 million people chronically infect-
ed.7 In endemic areas, chronic HBV infection is often estab-
lished by vertical transmission.8 In adults, acute HBV infection 
causes acute hepatitis B (AHB), which is accompanied by liver 
injury and jaundice.8,9 Although AHB resolves spontaneously 
in most adult patients, some cases (1–5%) progress to chronic 
persistent infection.8,9

In both AHA and AHB, liver injury is known to be caused by 
T cells, not by the virus, because both HAV and HBV are non-
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cytopathic viruses.9-11 Immune-mediated tissue injury, so-
called immunopathology, is mediated by diverse mechanisms 
in different viral infections.12 The inflammatory process is me-
diated by cytokines, including interleukin (IL)-1β, IL-6, and tu-
mor necrosis factor-α (TNF-α), and it is suppressed by IL-10.12 
Additionally, helper 1 T (Th1) cells and helper 17 T (Th17) cells 
contribute to tissue injury by secreting cytokines; e.g., Th1 
cells secrete interferon (IFN)-γ and TNF-α, and Th17 cells se-
crete IL-17 and IL-21.13 Moreover, cytotoxic T cells and natural 
killer (NK) cells directly lyse host cells through perforin/gran-
zyme, and Fas ligand-mediated mechanisms.14 Chemokines 
are also involved in immune-mediated tissue injury by recruit-
ing immune cells to the site of a viral infection.15,16 However, in 
AHA and AHB, the exact mechanisms of immune-mediated 
liver injury remain to be elucidated.

In this study, we measured serum levels of 17 cytokines and 
T-cell cytotoxic proteins in patients with AHA and AHB in the 
acute phase to understand immunological mechanisms of liv-
er injury in acute viral hepatitis, and identified cytokines or T-
cell cytotoxic proteins associated with severe liver injury in 
AHA and AHB. The present study provides insight regarding 
which effector function of T cells contributes to liver injury in 
AHA and AHB. 

MATERIALS AND METHODS

Study participants
Forty-six patients with AHA, 16 patients with AHB, and 14 
healthy adults were recruited from hospitals in the Seoul met-
ropolitan area (Seoul National University Bundang Hospital, 
Chung-Ang University Hospital, Bundang CHA Hospital, Seong-
nam Central Hospital, and Daejin Medical Center). AHA and 
AHB were diagnosed based on positive detection with anti-
HAV IgM, and HBsAg and anti-HBc IgM, respectively, typical 
disease symptoms, and elevated serum alanine aminotrans-
ferase (ALT) levels. Peak ALT level and peak total bilirubin 
level were determined for each patient during the course of 
acute hepatitis. We obtained informed consent from partici-
pating subjects and study approval from the Institutional Re-
view Boards. At the time of hospital admission, blood was 
drawn from patients, and serum samples were frozen for later 
analysis. 

Analysis of serum cytokines
Eleven cytokines: IL-1β, IL-6, IL-10, IL-12p70, IL-18, IL-21, IL-
22, IL-28, IL-29, IFN-γ, and TNF-α; and four chemokines: IL-8, 
CCL2 (monocyte chemoattractant protein-1), CXCL9 (mono-
kine induced by IFN-γ), and CXCL10 (IFN-γ-inducible pro-
tein-10) were measured in this study. We also analyzed the se-
rum levels of T-cell cytotoxic proteins, including granzyme B 
and soluble Fas ligand (sFasL). The serum levels of these pro-
teins were measured with either enzyme-linked immunosor-
bent assay (ELISA) kits (IL-18, Abcam, Cambridge, UK; IL-22, 
R&D Systems, Minneapolis, MN, USA; and IL-28 and IL-29, 
RayBiotech Inc., Norcross, GA, USA) or cytometric bead array 
flex kits (BD Biosciences, San Jose, CA, USA).

Statistical analysis
Discrete variables were compared using the χ2 method, and 
independent t tests were used for continuous variables. Pear-
son or Spearman correlation analysis was used to determine 
simple correlations between continuous variables. All statisti-
cal analyses were performed with Statistical Product and Ser-
vice Solutions 13.0. (SPSS Inc., Chicago, IL, USA).

RESULTS

General characteristics of enrolled patients 
Table 1 shows the demographic and laboratory characteristics 
of the study population. The median age of the AHA patients, 
AHB patients, and healthy controls were 33.6, 35.8, and 32.1 
years, respectively. The average of peak ALT levels (IU/L) was 
4450 in AHA patients and 1406 in AHB patients. The average 
of peak total bilirubin levels (mg/dL) was 5.1 in AHA patients 
and 9.6 in AHB patients.

Serum levels of cytokines, chemokines, and T-cell 
cytotoxic proteins in AHA and AHB
Among the serum proteins analyzed, several were significantly 
elevated in serum samples from patients with AHA or AHB, 
compared to serum samples from healthy subjects. IL-18, IL-
8, CXCL9, and CXCL10 were significantly elevated in both AHA 
and AHB, whereas IL-6, IL-22, granzyme B, and sFasL were 
significantly elevated in AHA, but not in AHB (Fig. 1).

Table 1. Demographic and Laboratory Characteristics of the Study Population

Patients with AHA (n=46) Patients with AHB (n=16) Healthy controls (n=14)
Gender (male; number and %) 26 (56.5) 13 (81.3) 12 (85.7)
Age (yrs; median and range) 33.6 (22–49) 35.8 (19–67) 32.1 (24–44)
Peak ALT (IU/L; median and IQR) 2828 (1351–4031) 2042 (1489–2919) n.d.
Peak AST (IU/L; median and IQR) 3255 (757–5325) 1010 (711–1502) n.d.
Peak total bilirubin (mg/dL; median and IQR) 4.9 (3.2–7.0) 7.2 (3.9–12.4) n.d.
IQR, interquartile range; n.d., not determined; AHA, acute hepatitis A; AHB, acute hepatitis B; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Correlation between the serum levels of CXCR3 
chemokines and liver injury
Next, we analyzed which chemokines were associated with 

the degree of liver injury, assessing liver injury in terms of se-
rum ALT levels. CXCL10 and CXCL9 are CXCR3 chemokines 
and known to be elevated frequently in systemic viral infec-

Fig. 1. Serum levels of cytokines, chemokines, and T-cell cytotoxic proteins in AHA and AHB. The data represent the serum proteins that were elevated in 
patients with AHA or AHB compared to healthy controls. Horizontal lines indicate mean values; n= 46 for AHA, n=16 for AHB, and n=14 for healthy controls. 
p values are presented as *p<0.01 or †p<0.001, based on the unpaired Student’s t-test. IL, interleukin; AHA, acute hepatitis A; AHB, acute hepatitis B.
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tions.17 Fig. 2 shows that CXCL10 levels were significantly cor-
related with peak ALT levels in both AHA and AHB, whereas 
the serum CXCL9 levels were correlated with peak ALT levels 
in AHA, but tended to correlate with peak ALT levels in AHB 
(Fig. 2B). 

Correlation between the serum levels of cytokines or 
T-cell cytotoxic proteins and liver injury
Next, we investigated which cytokines or T-cell cytotoxic pro-
teins were associated with peak ALT levels. In AHA, serum 
granzyme B, but not serum sFasL, was significantly correlated 

Fig. 3. Correlation between the serum levels of cytokines or T-cell cytotoxic proteins and the degree of liver injury. Serum concentrations of granzyme B (left), 
sFasL (center), or IL-18 (right) correlated to peak ALT levels (A and B) or peak total bilirubin levels (C and D) in samples drawn from patients with AHA (A and C) 
or AHB (B and D). Correlation coefficients (r) are based on Pearson (AHA) or Spearman (AHB) analyses. p values<0.05 are considered statistically significant. 
n.s., non-significant; sFasL, soluble Fas ligand; IL, interleukin; AHA, acute hepatitis A; AHB, acute hepatitis B; ALT, alanine aminotransferase.
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with peak ALT levels (Fig. 3A). Conversely, in AHB, serum sFasL 
but not serum granzyme B was significantly correlated with 
peak ALT levels (Fig. 3B). In addition, the serum IL-18 levels 
significantly correlated with peak total bilirubin levels in AHA 
(Fig. 3C) but not in AHB (Fig. 3D). We also analyzed IL-22, a 
known hepatoprotective cytokine.18-20 However, the serum IL-
22 levels did not correlate with peak ALT levels in either AHA 
or AHB (data not shown).

DISCUSSION

In the present study, we found that the serum levels of IL-18, IL-
8, CXCL9, and CXCL10 were elevated in AHA and AHB. In ad-
dition, the serum levels of IL-6, IL-22, granzyme B and sFasL 
were increased in AHA but not in AHB, indicating that AHA is 
accompanied by more vigorous immune responses compared 
to AHB. The levels of CXCR3 ligands, CXCL10 and CXCL9 cor-
related with peak ALT levels in AHA and AHB. Moreover, se-
rum granzyme B levels correlated with peak ALT levels in AHA, 
and serum sFasL levels correlated with peak ALT levels in 
AHB. These findings together suggest that effector functions 
of T cells are elevated and contribute to liver injury in AHA and 
AHB.

CXCR3 and its ligand chemokines regulate the migration of 
Th1 cells and effector CD8+ T cells into infection sites during 
various human and murine acute viral infections, such as influ-
enza,21 dengue,22 and West Nile virus infection.23 In viral hepa-
titis, CXCR3 chemokines have been studied, particularly in 
hepatitis C virus (HCV) infection. CXCR3 chemokines are de-
tected in the peripheral blood 2–8 weeks after HCV infection.24-26 
The expression level of CXCR3 chemokines in the liver or the 
peripheral blood correlated well with the severity of hepatic 
inflammation in patients with chronic HCV infection.27-30 In ch-
ronic HBV infection, it was demonstrated that serum CXCL10 
and CXCL9 levels are associated with the acute flare-up of liver 
injury.31 Consistent with these reports, our data from the sera 
of AHA and AHB patients demonstrated that CXCR3 chemo-
kines are increased during AHA and AHB, and that their levels 
correlate with liver damage, thus implying that they might play 
an important role in liver injury.

Notably, our present data also showed that serum granzyme 
B levels correlated with peak ALT levels in AHA (Fig. 3A), and 
that serum sFasL levels correlated with peak ALT levels in 
AHB (Fig. 3B). The correlation between serum sFasL and se-
rum ALT levels was previously reported in self-limited AHB 
and fulminant hepatitis B.32 CD8+ cytotoxic T cells and NK cells 
can contribute to liver injury by target cell-killing activity. When 
these cells are triggered, they exert cytotoxic activity through 
two different mechanisms: degranulation of perforin and gran-
zymes, and upregulation of FasL on their cell surface.33 The 
current findings indicate that a distinct cytotoxic mechanism 
might contribute to hepatocyte destruction in AHA and AHB. 

In the present study, we examined serum levels of cytokines 
and T-cell cytotoxic proteins to evaluate immune responses 
during AHA and AHB. However, we did not examine immune 
cells such as T cells and NK cells, therefore, we do not know yet 
which subsets of immune cells produce the cytokines and cy-
totoxic proteins that are increased in the sera of AHA and AHB 
patients. Future studies should investigate the expression lev-
els of cytokines and cytotoxic proteins in T cells and NK cells 
obtained from patients with AHA or AHB. 

Recently, the levels of multiple serum proteins were system-
atically analyzed in blood drawn from patients with AHA, AHB, 
and acute hepatitis C.34 However, that study did not consider 
the levels of serum proteins relative to the degree of liver injury. 
In the present study, we compared the associations between 
liver injury and cytokines, chemokines, and T-cell cytotoxic 
proteins in AHA and AHB. Our present findings led us to pro-
pose that distinct immunological mechanisms of liver injury 
might operate in AHA and AHB. The exact mechanisms of liv-
er injury require further investigation at the cellular and mo-
lecular levels in acute viral hepatitis.
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