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Abstract. An increasing number of studies have suggested that 
phosphoinositide 3-kinase-γ (PI3Kγ) and PI3Kδ are involved 
in the pathogenesis of autoimmune and inflammatory diseases, 
such as asthma and atherosclerosis. However, the underlying 
mechanism of acute hepatitis remains unknown. The present 
study aimed to determine the effect of PI3Kδ/γ inhibition 
on hepatic injury in a murine model of hepatitis induced by 
concanavalin A (ConA). It was demonstrated that the pharma-
cological inhibition of PI3Kδ/γ by TG100‑115 did not prevent 
liver damage following ConA challenge. Furthermore, the 
PI3Kδ/γ inhibition resulted in elevated transaminase activity in 
the serum, aggravated hepatic lesions characterized by hepatic 
necrosis, increased inflammatory cell infiltration and apoptosis 
of hepatocytes. Survival tests demonstrated that TG100‑115 
significantly increased the death rate of mice following ConA 
challenge. In addition, TG100‑115 increased the serum levels 
of the proinflammatory cytokine IL‑2 following ConA injec-
tion. These results may oppose the development of PI3Kδ/γ 
inhibitors as therapeutic agents, particularly for the treatment 
of human hepatitis.

Introduction

Phosphoinositide 3-kinase-γ (PI3Kγ) and PI3Kδ, which belong 
to the class I PI3K family, are essential for inflammatory 

cell signaling (1). PI3Kδ and PI3Kγ are primarily limited 
to hematopoietic and endothelial cells (2,3). Activated by 
downstream receptor tyrosine kinases and G‑protein coupled 
receptors, respectively (4), PI3Kδ and PI3Kγ lead to the 
formation of phosphatidylinositol‑(3,4,5)‑triphosphate (PIP3) 
and the phosphorylation of Akt. The interaction of phospho‑Akt 
with PIP3 at the cell membrane stimulates the phosphorylation 
of downstream targets that regulate several inflammatory and 
immune functions, including the recruitment of activated 
T cells, macrophages and neutrophils (2). Studies using genetic 
deletion and benchmark compounds have demonstrated that 
the most effective anti‑inflammatory PI3K inhibitor inhibits 
PI3Kδ and PI3Kγ by markedly affecting anti‑inflammatory 
markers in T cell and monocyte‑driven environments, with 
concurrent antiproliferative effects (5). Therefore, studies 
concerning PI3Kγ and PI3Kδ have generated interest in the 
development of PI3Kδ/γ inhibitors as therapeutic agents for 
the treatment of autoimmune and inflammatory diseases. 

Regardless of numerous studies, the mechanisms of 
PI3Kδ/γ in inflammatory diseases, such as hepatitis, remain to 
be elucidated. Pharmacological inhibition of PI3Kγ has been 
demonstrated to exert a therapeutic effect on hepatic injury 
in mice (6); however, the effect of PI3Kδ/γ in this process is 
unclear. ConA-induced acute hepatitis, which is character-
ized by hepatic necrosis and inflammatory cell infiltration, is 
commonly used as an experimental animal model for human 
liver disease (7). In the present study, we hypothesized that the 
pharmacological inactivation of PI3Kδ/γ may interfere with 
the pathology of ConA‑induced hepatitis and thereby impact 
the functional recovery of the injured liver.

TG100‑115, a dual PI3Kγ and δ-selective inhibitor was 
used to investigate its potential effect on ConA-induced acute 
hepatitis in mice. Notably, this study determined that the 
pharmacological inhibition of PI3Kδ/γ by TG100‑115 did not 
prevent liver damage following ConA challenge. Furthermore, 
TG100‑115 aggravated liver damage by elevating transami-
nase activity and IL‑2 levels in sera, and by promoting hepatic 
necrosis and hepatocyte apoptosis. This suggested that the 
inhibition of PI3Kγ and PI3Kδ may be involved in the patho-
genesis of acute hepatitis induced by ConA. To the best of our 
knowledge, these results may be the first to warn against the 
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development of PI3Kδ/γ inhibitors as therapeutic agents for 
the prevention and treatment of hepatitis in humans.

Materials and methods

Reagents. TG100‑115 was synthesized (purity, >99.5%) in 
our laboratory (Sichuan University) according to previous 
studies (8,9). The purity and structural identification of 
TG100‑115 were confirmed by high performance liquid chro-
matography, mass spectrometry and nuclear magnetic resonance 
(Bruker Avance 400 NMR system; Bruker, Billerica, MA, USA) 
(Fig. 1). ConA (type IV) was purchased from Sigma‑Aldrich (St. 
Louis, MO, USA). 

Animals. Female BALB/C mice (age, 6-8 weeks; weight, 
20‑24 g) were obtained from the Western China Experimental 
Animal Center (Sichuan, China) and maintained in a tempera-
ture and humidity controlled environment in a 12‑h light‑dark 
cycle, and were allowed free access to water and food. All 
mice received human care and all experimental procedures 
in the study were handled according to the guidelines for the 
humane care of laboratory animals established by Sichuan 
University (Chengdu, Sichuan, China), and the study protocol 
was approved by the local ethics committee (Chengdu, 
Sichuan, China).

Experimental protocol. TG100‑115 was dissolved in vehicle 
(10% hydroxypropyl‑β‑cycloamylose) and a 1.5 mg/ml 
solution of ConA was produced in sterile saline. For the inves-
tigation of the dose‑response relationship for TG100‑115, 
mice were treated with TG100‑115 [10 or 50 mg/kg; intra-
peritoneally (ip)], followed by ConA (15 mg/kg) or solvent 
[intravenously (iv)] after 0.5 h (10). Mice treated with ConA 
(15 mg/kg, iv) were sacrificed 2, 4, 8 or 20 h following treat-
ment. Sera were collected 20 h following ConA challenge 
to determine the levels of serum alanine aminotransaminase 
(ALT), asparate aminotransaminase (AST) and albumin 
(ALB), and livers were harvested for hematoxylin and 
eosin (H&E) staining. The levels of tumor necrosis factor 
(TNF)-α and interleukin (IL)‑2 in the sera were analyzed 
at 2 and 4 h with commercial enzyme‑linked immunosor-
bent assay (ELISA) kits (Mouse TNF‑α ELISA and Rouse 
IL‑2 ELISA kits, respectively; Dakewe Biotech, Co., Ltd., 
Nanshan, Shenzen, China) according to the manufacturer's 
instructions. The apoptosis of hepatocytes at 2 and 4 h was 
determined by Hoechst staining. In a survival test, mice were 
treated with a lethal dose of ConA (30 mg/kg, iv), followed 
by TG100‑115 (10 mg/kg, ip) or vehicle (11) after 0.5 h, and 
then monitored for survival every 2 h.

Evaluation of liver enzymes. Liver injury was determined 
by the measurement of serum ALT, AST and ALB levels by 
the Chemical Lab in the National Chengdu Center for Safety 
Evaluation of Drugs (Chengdu, Sichuan, China).

H&E and Hoechst staining. Formalin‑fixed liver samples 
were embedded in paraffin, and 4‑µm sections were stained 
with H&E or Hoechst staining (Beyotime Biotech, Jiangsu, 
China) according to the manufacturer's instructions (6). The 
stained liver sections were examined using light micros-

copy followed by fluorescence microscopy. Histological 
scores of centrilobular necrosis for individual mice (n=10) 
20 h following ConA injection are presented. Histological 
slides were evaluated by a board of certified veterinary 
pathologists without the knowledge of the treatment groups. 
Histopathological changes were graded and recorded on a 
severity scale of 0 to 5 (0, no lesion; 1, minimal; 2, mild; 3, 
moderate; 4, marked; 5, severe) (11).

Detection of cytokines by ELISA. Mice treated with 
TG100‑115 (10 mg/kg, ip) 0.5 h following ConA challenge 
were sacrificed 2 or 4 h following ConA injection. Serum 
levels of TNF-α and IL‑2 were analyzed by ELISA using 
commercially available kits (Dakewe Biotech, Co., Ltd.) 
according to the manufacturer's instructions. TNF-α and 
IL‑2 levels were measured 2 and 4 h following ConA chal-
lenge, respectively (12,13).

Assessment of the cytotoxicity of TG100-115 in vitro. The 
direct effect of TG100‑115 on hepatocytes was determined 
by a colorimetric method using methyl thiazolyl tetrazolium 
(MTT) dye. Human liver cell line, L‑02 (HL‑7702), was used 
to assess the cytotoxicity of TG100‑115. TG100‑115 was 
added to cells in a doubling dilution manner at a series of 
doses (100, 50, 25, 12.5, 6.25, 3.13, 1.56 and 0.75 µM) for a 
24 h coculture. The percentage of viable cells was determined 
by the conversion of MTT to its formazan derivative in each 
well. This was conducted by comparing the optical density 
at 570 nm (OD570) of the wells with that of the drug-free 
control based on the following equation: (A570 of wells that 
contained the drug/A570 of the drug‑free wells) x 100%. IC50 
(the concentration of 50% maximal inhibition of cell growth) 
was determined by interpolation of the dose‑response curves.

Statistical analysis. Student's t-test was used to determine 
the significance of differences between vehicle controls and 
experimental groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

PI3Kδ/γ inhibition aggravates acute liver injury of mice 
induced by ConA. TG100‑115 (10 and 50 mg/kg) significantly 
increased the serum ALT and AST levels in ConA-induced 
mice (Fig. 2A). ALB (synthesized in the liver), ALT and 
AST are indicators of liver function. The average level of 

Figure 1. Chemical structure of TG100‑115.
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ALB in normal mice is 47 g/l, while that in ConA-treated 
mice decreased to 35 g/l, indicating that ConA induced 
hypohepatia, in accordance with the change in the transami-
nase levels. However, there was no significant difference in 
the ALB levels between the control and TG100‑115 groups 
(Fig. 2B), indicating that TG100‑115 does not effect the ALB 
levels in acute hepatitis. The livers from ConA-treated mice 
with hepatitis exhibited inflammatory cell infiltration, dilata-
tion and congestion of the blood vessels, as well as widespread 
hepatocellular necrosis in the liver lobules. In addition, the 
inflammatory cell infiltration and the necrotic regions were 
also markedly increased by TG100‑115 (50 mg/kg) treatment 
(Fig. 3A). Histological scores of centrilobular necrosis for 
individual mice demonstrated that ConA induced a lower 
score (3.29±0.49) compared with that for TG100‑115 treat-
ment (10 or 50 mg/kg), which significantly increased the 
scores to 4.09±0.51 and 4.50±0.71, respectively (Fig. 2C). 
As severe liver damage may be fatal in mice, increased 
liver damage is correlated with an increased mortality rate. 
Following a lethal dose of 30 mg/kg ConA, 90% of the 
ConA-treated mice succumbed within 24 h. By contrast, 
mice pretreated with TG100‑115 (15 mg/kg) demonstrated 
an increased mortality rate with 100% of mice no longer 
surviving within 8 h. These results indicated that TG100‑115 
exerted a detrimental effect on ConA-induced hepatitis in 
mice (Fig. 2D).

Histological analysis of the effect of TG100-115 on liver 
inflammatory infiltration and hepatocyte apoptosis. Liver 
tissues of TG100‑115‑treated and untreated mice were 
harvested for H&E staining 2 and 4 h following ConA chal-
lenge (13). An increased number of inflammatory cells in 
the central veins and the sinusoids of the livers from mice 

with ConA-induced hepatitis were observed. Furthermore, 
TG100‑115 treatment increased the apoptosis of hepatocytes 
in the portal area compared with that of the control (Fig. 3B). 
Hoechst staining was used to further investigate the apoptosis 
of hepatocytes. The liver tissue sections from ConA and 
TG100‑115‑treated mice demonstrated greater quantities 
of condensed chromatin and nuclear fragmentation (which 
are characteristics of cells undergoing apoptosis) than those 
with ConA treatment alone (Fig. 4). These results suggested 
that interference of PI3Kδ/γ signaling by TG100‑115 modi-
fied the inflammatory cell recruitment that is responsible 
for the development of ConA‑induced hepatic injury. Thus, 
TG100‑115 may aggravate hepatocyte apoptosis induced by 
ConA in vivo.

TG100-115 modulates ConA-induced cytokine production. 
TNF-α and IL‑2, key inflammatory cytokines mainly secreted 
by neutrophils and T cells, are essential in the development 
of ConA‑induced acute hepatitis (14). To determine the effect 
of TG100‑115 in modulating the production of these key 
inflammatory cytokines, we analyzed the TNF‑α and IL-2 
protein levels in serum of mice with ConA-induced hepatitis 
and observed their changes following TG100‑115 treatment. 
TNF-α levels in the serum were elevated to 300 pg/ml 2 h 
following ConA injection, the peak time point according 
to previous studies (12), and marginally changed following 
TG100‑115 treatment (Fig. 5A). In a previous study, the peak 
serum level of IL‑2 was detected at 4 h following ConA injec-
tion (13). TG100‑115 treatment resulted in an increase in IL‑2 
serum levels compared with those of ConA‑treated mice 4 h 
following ConA injection (Fig. 5B). This increase suggested 
that the inhibition of PI3Kδ/γ by TG100‑115 may modulate 
ConA-induced T cell activation in vivo.

Figure 2. Effect of TG100‑115 on ConA‑induced hepatitis. TG100‑115 (10 mg/kg) was administered to BALB/C mice intraperitoneally 0.5 h following ConA 
(15 mg/kg) injection. (A) Alanine aminotransaminase and aspartate aminotransaminase levels in the serum of control mice and mice treated with ConA, ConA 
plus TG100‑115 (10 mg/kg), ConA plus TG100‑115 (50 mg/kg) or TG100‑115 (50 mg/kg) alone were measured 20 h following ConA injection. Values are pre-
sented as the mean ± SEM (n=6-8 per group, **P<0.01). (B) Albumin levels were measured accordingly. (C) Centrilobular necrosis scores. Histological scores 
of centrilobular necrosis for individual mice (n=0) 20 h following ConA injection. (D) Pretreatment with TG100‑115 confers a survival disadvantage against 
a lethal dose of ConA injection. Mice (n=10 per group) treated with ConA only, pretreated with TG100‑115 (10 mg/kg) prior to ConA or with TG100‑115 
(50 mg/kg) alone were monitored over a 2‑day period for survival. Data are plotted as the percentage of survival mice. *P<0.05. ConA, concanavalin A; TG, 
TG100‑115.

  A   B

  C   D
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Toxicity of TG100-115. Following exposure to various 
concentrations of TG100‑115 for 24 h, the percentage of viable 
L‑02 cells was assessed by MTT assay. Results revealed that 
TG100‑115 (at a concentration of 100 µM) had no effect on 

the percentage of viable L-02 cells (Fig. 6). The IC50 value 
of TG100‑115 on L‑02 cells was >100 µM, indicating that 
TG100‑115 did not significantly reduce the viability of hepatic 
cells in vitro (Table I).

Figure 3. Representative liver histology of mice in each group. (A) Mice were injected with ConA 0.5 h prior to TG100‑115 (10 and 50 mg/kg) administration 
and were then sacrificed 20 h later. Livers were harvested for histopathological analysis (staining, H&E; original magnification, x100). (B) Mice were injected 
with ConA 0.5 h prior to TG100‑115 (10 mg/kg) administration and were sacrificed in a time‑dependent manner at 2, 4 and 8 h. Livers were harvested for 
histopathological analysis (staining, H&E; original magnification, x200). ConA, concanavalin A; TG, TG100‑115; H&E, hematoxylin and eosin.

Figure 4. Hoechst staining of liver tissues from ConA‑treated mice in the absence and presence of TG100‑115 (TG; 10 mg/kg), to demonstrate the percentage 
of apoptotic cells. ConA, concanavalin A; TG, TG100‑115.

  A

  B

  A

  B
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Discussion

Studies using genetic deletion and benchmark compounds 
have demonstrated that the most effective anti‑inflammatory 
PI3K inhibitor inhibits PI3Kδ and PI3Kγ (5) by affecting 
anti‑inflammatory markers in T cell‑ and monocyte‑driven 
environments, with concurrent antiproliferative effects. This 
raises the possibility that pharmacological inactivation of 
PI3Kδ and PI3Kγ may be used for the treatment of hepatitis. 

However, regardless of its demonstrated preventive effect, also 
confirmed by us (data not shown), TG100‑115 failed to reduce, 
and even aggravated, the progression of hepatic injury. This 
aggravation occurred in a time- and dose-dependent manner, 
as indicated by the elevated transaminase activity in the 
serum and the increased hepatic necrosis. In the survival test, 
TG100‑115 resulted in increased mortality compared with that 
of mice challenged with ConA alone.

PI3Kδ/γ is important in the development of T lympho-
cytes and other related cellular functions (15). The dual 
PI3Kδ/γ knockout mouse has been demonstrated to be 
viable but to exhibit serious defects in thymocyte survival 
and T cell development (16,17). Dual targeting of PI3Kδ/γ 
has resulted in enhanced inhibition of overall T cell activa-
tion and LPS-induced TNF-α production (1). TG100‑115, 
a dual PI3Kδ/γ inhibitor, has been identified to reduce the 
severity of asthma in a murine model by reducing pulmonary 
eosinophilia and the concomitant interleukin-13 levels (18). 
T lymphocyte activation is the predominant pathology in 
human and ConA‑induced hepatitis (19). In the present study, 
it was demonstrated that TG100‑115 treatment did not block 
ConA‑induced T cell accumulation in the liver. Contrary to 
this, T cell hepatic infiltration appeared to increase following 
TG100‑115 treatment in ConA‑hepatitis mice. This was in 
accordance with the aggregated IL-2 secretion in the serum 
of TG100‑115 treated mice in vivo. IL-2, IFN-γ and TNF-α 
are cytokines secreted by Th1 T cells, which enhance the 
Th1 immune response. Therefore, it was hypothesized that 
aggravated progression of hepatic injury by TG100‑115 in 
ConA‑induced hepatitis may be due to the stimulation of T cells 
or a T cell subtype. Mice immunized with ConA‑activated 
autologous T cells demonstrated dampened regulatory T cell 
(Treg) function, which may have contributed to an enhanced 
Th1 response in vivo (20). It has been determined that Tregs 
are important in immune system homeostasis and that the 
Th1‑Th2 balance was partially impaired in p110γKO/δD910A 
mice compared with the wild type (15). In the present study, 
the pharmaceutical inhibition of PI3Kδ/γ by TG100‑115 (as a 
result of a loss of Th1-Th2 balance) and the increased levels 
of IL‑2 in the serum may have resulted in a dominant Th1 
immune response with TG100‑115 treatment following ConA 
injection. Therefore, it may be beneficial to identify the precise 
mechanism of PI3Kδ/γ in T lymphocyte differentiation, and 
the balance of Th1 and Th2 during ConA-induced hepatitis 
development.

Numerous clinical anti‑inflammatory agents function 
through different targets, yet all inhibit immune cell function 
while leaving nonimmune cells relatively unaffected. An MTT 
analysis on the liver cell line L‑02 was performed to determine 
whether the PI3Kδ/γ inhibitors exhibited this property. The IC50 
value of TG100‑115 on L‑02 cells was >100 µM, which indicated 
that TG100‑115 did not demonstrate growth inhibition in L‑02 
cells in vitro. However, mice treated with TG100‑115 resulted 
in earlier and markedly greater hepatocyte apoptosis than that 
of mice receiving ConA alone. This indicated that TG100‑115 
aggravated ConA-induced hepatitis via an immune-mediated 
mechanism, irrespective of TG100‑115 alone.

In this study, it was demonstrated that the pharmacological 
inhibition of PI3Kδ/γ did not prevent ConA-induced acute 
hepatic injury in vivo. This indicates that PI3Kγ and PI3Kδ 

Figure 5. TG100‑115 modulates the production of inflammatory cytokines 
TNF-α and IL-2 in vivo. (A) Serum levels of TNF-α in mice induced by ConA 
were marginally changed by TG100‑115 treatment. (B) Serum levels of IL‑2 
in mice induced by ConA were increased by TG100‑115 treatment (*P<0.05). 
TG, TG100‑115; TNF‑α, tumor necrosis factor-α; IL-2, interleukin-2, ConA, 
concanavalin A.

Figure 6. Toxicity effects of TG100‑115 in vitro. Cells were treated with dif-
ferent concentrations of TG100‑115 for 24 h and the cell viability of L0‑2 
cells was examined by methyl thiazolyl tetrazolium assay. The viability of 
cells treated with TG100‑115 compared with that of cells treated with vehicle 
was expressed as the percentage of viable cells. Data are presented as the 
mean ± SE from three independent experiments. TG, TG100‑115.

Table I. IC50 of TG100‑115 on L0‑2 cells.

Cell line IC50 (µM)

L0‑2 >100

  A

  B



LIU et al:  PI3Kδ/γ INHIBITION DOES NOT PREVENT CONCANAVALIN A‑INDUCED HEPATITIS1310

may be involved in the process of acute hepatitis induced by 
ConA. These results may suggest against the development of 
inhibitors of PI3Kδ/γ as therapeutic agents for the treatment of 
human hepatitis.
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