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Abstract

Purpose Concanavalin A (Con A)-induced hepatitis is an
extensively used animal model of T cell-mediated acute
hepatitis. A variety of cytokines, including interleukin 4
(IL-4), interferon gamma (IFN-y), and tumor necrosis
factor alpha (TNF-o), have been shown to play important
roles in Con A-induced liver injury. However, the role of
IL-2, a critical cytokine in the development and function of
T cells and a clinical therapeutics for virus infection and
tumor, has not been carefully examined in this model.
Methods In this study, we investigated the function of
IL-2 in Con A-induced hepatitis by using various strategies
of rhIL-2 pretreatment. We treated mice with two rhIL-2
administration strategies: a single injection of high dose of
rhiL-2 (IL—2hi, 50 x 10° U/mouse) and four injections of
low dose of rhIL-2 (IL-2*°, 5 x 10°> U/mouse).

Results IL-2" pretreatment ameliorated Con A-induced
liver injury, while IL-2""° aggravated Con A-induced liver
injury. -2 pretreatment reduced Con A-induced eleva-
tion of serum TNF-o while IL-2*° pretreatment did not.
Serum IL-4 and TNF-o were high 6 h after Con A injection
in IL-2*° mice, while it was undetectable in IL-2" and
non-pretreated mice. IL-2" pretreatment reduced Con
A-induced accumulation of T cells in liver while IL-2*°
pretreatment increased accumulation of NK cells.
Conclusion Various strategies of rhIL-2 administration
play different roles in Con A-induced hepatitis, suggesting
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the importance of IL-2 administrative regime in clinical
liver diseases.
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Introduction

Interleukin-2 (IL-2) is a typical four-a-helix cytokine
produced primarily by activated CD4" T cells, and also
produced by naive CD8" T cells and dendritic cells [1]. A
recent study found that IL-2 is critical for the development
and peripheral expansion of CD47CD25" regulatory T
cells, which promote self-tolerance by suppressing T cell
responses in vivo [2]. In T cells, IL-2 synthesis is tightly
regulated at the mRNA level by signals from the TCR and
CD28 [3]. IL-2 binds to and signals through a receptor
complex consisting of IL-2Ra (CD25), IL-2Rf (CD122),
and common 7y-chain (CD132). All three subunits are
required for high-affinity binding of IL-2 [4]. IL-2 also has
been used to enhance T cell immunity in patients with
AIDS or cancer in clinical therapy [5, 6], but the side
effects of IL-2 treatment in liver disease, especially in
hepatitis virus infectious diseases, is not explored.
Administration of concanavalin A (Con A) to mice
leads to T cell-mediated liver injury, which is a well-
established experimental murine model characterized by
rapidly increased serum levels of aminotransferase and
cytokines, leukocyte infiltration of liver, and hepatocyte
necrosis [7]. The hepatic natural killer T (NKT) cells
play essential roles in the Con A-induced liver injury by
releasing a variety of cytokines, including interleukin 4
(IL-4), IL-5, interferon gamma (IFN-y), and tumor
necrosis factor alpha (TNF-o) [8-12]. Many other cyto-
kines are also involved in Con A-induced liver injury;
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for example, IL-6, IL-10, IL-15, and IL-22 show hepa-
toprotective effects [13-16], whereas IL-12 and IL-18
aggravate Con A-induced hepatitis [17, 18]. T lympho-
cytes were proved as effector cells of Con A-induced
liver injury, accompanying apoptotic cell death of
hepatocytes and abounding cytokines, such as TNF-o,
IFN-y, granulocyte macrophage-colony stimulating factor,
and IL-2, in the serum of the mice [19]. However, the
role of IL-2 in this T cell-mediated liver injury remains
unclear.

In this study, we investigated the role of IL-2 by two
rhIL-2 administration strategies: a single injection of high
dose of rhIL-2 (IL-2", 50 x 10° U/mouse) and multiple
injections of low dose of rhIL-2 (IL-2‘“°, 5 x 10° U/mouse).
We examined Con A-induced liver injury in the two strat-
egies. We investigated the effects of IL-2 by detection of
cytokines, and analysis of cell types and activation markers
on lymphocytes in Con A model. We found that different
strategies of rhIL-2 administration results in opposite effect
in Con A-induced liver injury. Our findings may highlight
the importance of IL-2 administrative regime in clinical
liver diseases.

Materials and methods
Animals

Six- to eight-week-old male C57BL/6 (B6) mice were
purchased from the Shanghai Laboratory Animal Center,
Chinese Academy of Science and maintained in our animal
facilities under specific pathogen-free conditions. Animal-
handling protocols and experimental procedures conformed
to the guidelines outlined in the Guide for the Care and Use
of Laboratory Animals.

Reagents

Con A was purchased from Sigma Chemical Co. (St. Louis,
MO) and dissolved in sterile phosphate-buffered saline
(PBS) at a concentration of 1 mg/ml. Human recombinant
IL-2 (Changshengan, Changchun, China) was dissolved in
sterile PBS. The monoclonal antibodies (mAb) used in this
study include FITC-conjugated anti-NK1.1 and -anti-CD4,
PE-conjugated-anti-CD8, -anti-CD25, and -anti-CD69
(eBioscience, San Diego, CA), PE-Cy5-anti-CD3 (BD
PharMigen, San Diego, CA).

Animal treatments
In a single injection of high dose of rhIL-2 group (IL-2"),

mice were subcutaneous injected with rhIL-2 (50 x
10 U/mouse) 6 h before Con A injection. In multiple
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injection of low dose of thIL-2 group (IL-2*°), mice were
subcutaneous injected with rhIL-2 (5 x 10° U/mouse) for
four times in 24 h (8-h interval), the last administration
finished 6 h later, mice received Con A injection.
(Peripheral administration was used in rhIL-2 pretreat-
ment.) Mice were i.v. injected with Con A at a dose of
15 pg/g of body weight to induced liver injury. Con-
trol mice were injected with the same volume of sterile
PBS.

Cell preparation

Livers were harvested at indicated time points and pressed
through a 200-gauge stainless steel mesh and suspended in
PBS. After washing once with PBS, the cells were resus-
pended in 40% Percoll. The cell suspension was overlaid
gently on the top of 70% Percoll and centrifuged at
2,400 rpm for 30 min at room temperature. Hepatic
mononuclear cells (MNCs) were obtained from the inter-
phase and washed twice with PBS.

Assay for serum aminotransferase activity

Serum samples from mice were obtained at different times.
Serum alanine aminotransferase (ALT) activities were
determined by using the serum aminotransferase test
kit (Jian Cheng, Nanjing) according to manufactures’
instructions.

Measurement of serum cytokine levels

Blood samples were obtained from retro-orbital puncture
and immediately centrifuged at 4,000 rpm for 15 min.
Serum samples were stored at —20°C until ready to be used.
Serum levels of IL-4, IFN-y, and TNF-o. were determined
using ELISA kits from R&D systems (Minneapolis, MN,
USA).

Histopathology

Livers were fixed in 10% buffered formalin, embedded in
paraffin and tissue sections were then cut into 5 pm slices
for routine hematoxylin (DakoCytomation, Carpintera,
CA)—eosin (American Master Tech Scientific, Lodi, CA)
staining and examined under light microscopy.

Flow cytometry

MNCs were stained with antibodies diluted in PBS con-
taining 2% fetal calf serum and 0.1% NaNj. Cells were
analyzed by FACSCalibur flow cytometer with CellQuest
software (Becton—-Dickinson, Franklin Lakes, NJ).
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Statistical analysis

The results were analyzed using the Student’s ¢ test or
ANOVA where appropriate. P < 0.05 was considered
significant.

Results

Pretreatment of mice with high or low doses of rhIL-2
in Con A-induced hepatitis

To investigate the role of rhIL-2 in Con A-induced liver
injury, we measured serum ALT levels 24 h after Con A
injection. As shown in Fig. 1a, when compared to the Con
A alone group, IL-2" pretreatment reduced Con A-induced
elevation of ALT significantly, and IL-2*° pretreatment
increased Con A-induced ALT significantly. We also
detected Con A-induced liver injury by histopathological
examination. As shown in the Fig. 1b, compared to the
mice only with Con A injection, massive necrosis in the
livers of IL-2¥° pretreatment mice was observed, whereas

Fig. 1 Pretreatment with high
or low doses of rhIL-2 in Con
A-induced hepatitis. Mice were
treated with PBS, Con A or
IL-2/Con A. A single injection
of high dose of IL-2 (IL-2") was
injected to mice 6 h before Con
A injection (15 pg/g body
weight). Multiple injections of
low dose of IL-2 (IL-2*°) were
injected to mice in 24 h for four
times (every 8 h) before Con A
injection. Sera and liver samples
were collected 24 h after Con A
injection. a Serum ALT levels
were measured. *P < 0.05;
**P < 0.001 versus Con A.
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mice pretreated with IL-2" showed minor injury. The mice
only with PBS injection did not show any necrotic
hepatocyte.

We evaluated the different doses of rhIL-2 in Con
A-induced liver injury. Figure 2a illustrates that different
doses of IL-2" pretreatment exerted a dose-dependent
protection against liver injury. Pretreatment of 50 x 10°
and 20 x 10° U/mouse of rhIL-2 markedly inhibited Con
A-induced elevation of serum ALT levels, whereas
10 x 10 U/mouse of rhIL-2 only partly alleviated ALT
elevation. As shown in Fig. 2b, IL-2*° pretreatment
aggravated Con A-induced liver injury in a dose-dependent
manner. Pretreatment of 5 x 10° U/mouse of rhIL-2
markedly increased Con A-induced serum ALT elevation,
whereas 1 x 10° and 2 x 10°> U/mouse of rhIL-2 had no
effect on ALT levels. Time points of rhIL-2 injection
according to Con A administration were also examined. As
shown in Fig. 3a, in the IL-2" group, injection of rhIL-2,
12 or 6 h before Con A injection reduced the serum ALT
significantly, whereas injection of rhIL-2 and Con A at the
same time did not alleviate ALT levels, and injection of
rhIL-2 after Con A injection increased ALT elevation

*

b representative results of
histopathological examination
of liver in PBS-, Con A- and

B
IL-2/Con A-treated mice 53
(original magnification x 100
and x200). N indicated necrosis
area. Similar results were o
obtained from 3 mice in three 2
independent experiments X
o
o
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X
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Fig. 2 Pretreatment with different doses of rhIL-2 in Con A-induced
hepatitis. Mice were treated with PBS or IL-2 before Con A
administration. a A single injection of indicated high doses of IL-2
were injected to mice 6 h before Con A injection. b Multiple
injections of indicated low doses of IL-2 were injected to mice in 24 h
for four times (every 8 h) before Con A injection. Sera were collected
24 h after Con A injection and serum ALT levels were measured.
Values in a and b are shown as means = SEM (n = 3) from 3 mice in
three independent experiments. “P < 0.05 versus PBS. “"P < 0.001
versus PBS

mildly. The results of IL-2*° group were shown in Fig. 3b.
When rhIL-2 were injected 12 or 6 h before Con A
injection, the elevation of serum ALT was increased more
significantly, whereas injection of rhIL-2 at the same time
of or after Con A injection had no effect on ALT levels.

Survival of mice was also examined. As shown in the
Fig. 4, all of PBS-, Con A- and IL-2" + Con A-treated
mice survived, whereas 20% of IL-2*° + Con A-treated
mice began to die within 6 h after Con A injection and only
30% mice could live more than 24 h.
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Fig. 3 Treatment with high or low doses of rhIL-2 at different time
courses in Con A-induced hepatitis. Mice were treated with PBS or
IL-2 before or after Con A. a A single injection of high dose of IL-2
(IL-2", 50,000 U) were injected to mice at indicated time points. The
time of Con A injection was identified as 0 h. Sera were collected
24 h after Con A injection. b Multiple injections of low dose of IL-2
(IL—241“, 5,000 U) were injected to mice in 24 h for four times (every
8 h) at indicated time points. Sera were collected 24 h after Con A
injection. Values in a and b are shown as means == SEM (n = 3)
from 3 mice in three independent experiments. = P < 0.001 versus
PBS

Serum cytokines profile of rhIL-2-pretreated
Con A-induced hepatitic mice

NKT cells rapidly secrete a large amount of cytokines,
including IL-4, IFN-y and TNF-o, which have been shown
to play essential roles in Con A-induced liver injury. We
examined whether IL-2" and IL-2*'° influenced the pro-
duction of these cytokines. As shown in the Fig. 5, as
compared to Con A-treated mice, IL-2™ pretreatment
reduced serum levels of IL-4 at 2 h and reduced TNF-o at 1
and 2 h after Con A injection, whereas serum IFN-y pro-
duction increased at 2 h after Con A injection. IL-2*°
pretreatment also reduced serum levels of IL-4 at 2 h and
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Fig. 4 Effect of pretreatment with high or low doses of rhIL-2 on
survival of Con A-treated mice. Analysis of the effect of different
IL-2 administration on survival in mice treated with Con A (5 mice/
group) was shown. Mice were injected with PBS or IL-2 (aL-2",
50,000 U; IL-2*°, 5,000 U) 6 h before administration with Con A

increased serum levels of IFN-y at 2 h after Con A injec-
tion. Interestingly, IL-2*° pretreatment reduced production
of IFN-y at 6 h, but increased production of IL-4 at 6 h and
TNF-« at 2 and 6 h after Con A injection.

Hepatic lymphocytes of rhIL-2-pretreated
Con A-induced hepatitic mice

Con A injection often induces extensive T cell accumula-
tion in liver. Therefore, we examined the change of hepatic
lymphocytes. As shown in Fig. 6, when mice were treated
with Con A, frequency and numbers of hepatic T cells and
NK cells increased while NKT cells decreased. The
increase of hepatic T cells decreased in IL-2"-pretreated
mice, whereas the increase of hepatic NK cells and T cells
both pronounced more significantly in IL-2*°-pretreated
mice. To explore the possible functional variation of
lymphocyte populations, we observed the activation of
hepatic lymphocytes in Con A-treated mice with and
without rhIL-2 pretreatment. As shown in Fig. 7, the fre-
quency of both CD25 and CD69 on NK and T cells
markedly increased in IL-2*°-pretreated mice, whereas the
frequency of CD25 and CD69 on T cells decreased sig-
nificantly after IL-2"-pretreated mice. The frequency of
CD25" NKT cells increased in IL-24l°—pretreated mice, and
the frequency of CD69" NKT cells had no change.

Discussion

Interleukin-2 is a potent T cell growth factor, which can
potently induce T cell expansion in vitro and in vivo [2].
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Fig. 5 Serum cytokines profile of mice with high or low doses of
IL-2 pretreatment in Con A-induced Hepatitis. Mice were treated
with PBS or different IL-2 administration (IL-2"/50,000 U,
IL-2*°/5,000 U) for 6 h, followed by administration with Con A.
Serum samples were collected at various times post Con A injection
(1, 2, 6 h), and serum levels of IL-4 (a), IFN-r (b), and TNF-o
(c) were measured by ELISA. Data are expressed as means == SEM
(n = 3) from 3 mice in three independent experiments. P < 0.05;
P < 0.001 versus PBS + Con A

This assumption led to the development of therapeutic
strategies for clinical benefit, such as to enhance T cell
numbers and function in patients with cancer or AIDS
[5, 6]. Although these examples support that IL-2 serves as
an important T cell growth factor in vivo, in some cases,
mice lacking the IL-2 or IL-2R genes are not markedly
immunocompromised but instead develop severe T cell-
mediated autoimmune disease [20-22]. High-dose and
continuous IL-2 therapy used in the clinical were proved to
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Fig. 6 Hepatic lymphocytes content of mice with high or low doses
of IL-2 pretreatment in Con A-induced Hepatitis. Mice were treated
with PBS, Con A or different IL-2 administration (IL-2"/50,000 U,
IL-2%°/5,000 U) for 6 h, followed by administration with Con A.
Liver samples were collected 24 h after Con A injection and hepatic
MNCs were isolated. Hepatic MNCs were stained with anti-NKI1.1
and anti-CD3 antibodies and analyzed by FACS. a Representative
flow cytometry analysis of the percentage of NK (CD3 NKI.1),
NKT (CD3*NKI1.17) and T (CD3*NKI1.17) cells. b The absolute
numbers of hepatic T, NKT and NK cells were calculated by
multiplying the frequency of cells by the absolute numbers of hepatic
MNCs, respectively. Values in b are expressed as means + SEM
(n = 3) from 3 mice in three independent experiments. P < 0.05
versus Con A

be associated with significant toxicities that influenced a
variety of human organs. Alternative IL-2 therapy
approaches have been evaluated in order to decrease the
toxicities. Administration of lower doses of IL-2 showed
the similar effect to those with high-dose IL-2 therapy in
several clinical studies [5], but no study in hepatitic virus
diseases. So, it needs to better understand the administra-
tion regime of IL-2 in liver immune injury, in order to
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Fig. 7 Activation of hepatic lymphocytes with high or low doses of
IL-2 pretreatment in Con A-induced hepatitis. Mice were treated with
Con A or IL-2/Con A (IL-2"'/50,000 U, IL-2*°/5,000 U). For flow
cytometric analysis. Liver samples were collected 24 h after Con A
injection and hepatic MNCs were isolated. Hepatic MNCs were
stained with anti-CD3, anti-NK1.1, anti-CD25 or anti-CD69 mAb. T
(CD3*NKI1.17), NKT (CD3*NK1.1") and NK (CD3"NKI1.1%) cells
were then examined for CD25 (upper) and CD69 (lower) expression.
Values in a and b are shown as means + SEM (n = 3) from 3 mice in
three independent experiments. P < 0.05 versus PBS + Con A

provide a clinical manipulation of IL-2 to achieve the
maximum therapeutic benefit in patients.

Con A-induced liver injury is characterized by markedly
increasing of serum aminotransferase levels and massive
infiltration of lymphocytes into the liver [23, 24]. Con A
activates lymphocytes which residing in the liver, such as
NKT cells and CD4" T cells [7, 8], mainly cause liver
injury. Con A can also activate peripheral T cells accu-
mulating into liver to mediate liver injury [19]. These
activated cells release inflammatory cytokines, which is
also an important reason for liver injury. It has been shown
that TNF-o, IFN-y and IL-4 are involved in this liver injury
model [7, 10, 11, 19, 23]. In our studies, we found that
different strategies of IL-2 administration result in different
effect in Con A-induced hepatitis. In this model, a single
injection of high-dose IL-2 mainly decreased the number of
activated cells accumulating in the liver, suppressing acti-
vation of T cells and reduced the level of TNF-o. Multiple
injection of low-dose IL-2 aggravated liver injury, but
inflammatory cytokines levels were not all found increased
in serum.
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IL-2" pretreatment reduced Con A-mediated induction
of IL-4 and TNF-a. TNF-o is one of the most important
cytokines in Con A-induced liver injury that caused dam-
age to liver tissues [12]. Our studies showed that IL-2M
pretreatment through regulating these cytokines level to
alleviate the damage that caused by TNF-o. In IL-2*°
pretreatment, we found that TNF-o increased after Con A
injection, the damage of liver tissues was aggravated,
indicating that TNF-« level is a major cause for this pre-
treatment effect. Regulatory T cells (Tregs) may play a
crucial role in tolerance in the liver. Different IL-2
administrations may have some effects on the Tregs, and
the frequency of other cell types may not have the same
changes as usually in Con A-induced hepatitis. However,
further studies need to be made to explain how IL-2 affects
on the Tregs. In addition, we observed changes in liver
lymphocytes and found that in IL-2"" mice the accumula-
tion of T cells decreased in the liver after Con A injection,
whereas the number of both T cells and NK cells increased
more pronouncedly in the liver of IL-2*° mice. Our results
demonstrated that NKT cells had no remarkable changes
after these two IL-2 administrations. NKT cells play a
critical role in Con A-induced hepatitis, and it might be
eliminated quickly after they accomplished their effector
functions in the liver. It has been reported that some
members of the TNF family other than FasL, including
TNF and TRAIL, are involved in activation-induced cell
death (AICD) of pre-activated T cells. Therefore, these
molecules and cytokines may contribute to apoptosis of
NKT cells. We showed that IL-2" pretreatment prevented
liver tissues from injury induced by Con A injection and
IL-2%° pretreatment aggravated liver tissues damage as
detected by tissue histology. However, it remains uncertain
whether IL-2™ inhibits lymphocyte proliferation directly or
by promoting the survival advantage of hepatocytes, which
in turn render them resistant to T cell-mediated injury. The
hepatocytes in the liver exhibit remarkable regenerative
potential [19, 25], it remains to be determined how IL-2M
would affect the proliferation of hepatocytes in this model.
Whether IL-2*"° pretreatment aggravated liver injury via an
NKT cell-dependent manner or other mechanism needs to
be further researched.

In summary, our data suggests that under some circum-
stances where liver injury is mediated by activation of
immune system, treatment of patients with IL-2 may be
highly beneficial in reducing morbidity and mortality asso-
ciated with liver injury. However, it needs to be noticed that
IL-2 administration may affect the therapy results. As similar
immune-mediated mechanisms are important in autoim-
mune and viral hepatitis, these results are also relevant for the
pathogenesis of liver injury in humans. Therefore, further
investigations in this model may have implications for the
development of new treatment options.
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