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Abstract
AIM: To investigate pim-3 expression in hepatic 
stellate cells (HSCs) stimulated by lipopolysaccharide 
(LPS), and its protective effect on HSCs. 

METHODS: Rat HSC-T6 cells were stimulated by 
LPS. The effect of LPS on proliferation and apoptosis 
of HSC-T6 cells was investigated by methyl thiazoyl
tetrazolium (MTT) assay and flow cytometry after 
annexin V-fluorescein isothiocyanate/propidium iodide 
double staining. pim-3 mRNA and protein were detected 
by reverse transcriptase polymerase chain reaction 
and Western blotting at 48 h when HSC-T6 cells were 
stimulated with 1 μg/mL LPS for 0, 3, 6, 12, 24 and 
48 h. The cells without stimulation served as controls. 
To study the effect of pim-3 kinase on HSC-T6 cells, 
si-pim3 (siRNA against pim-3) was transfected into 
HSC-T6 cells. HSC-T6 cells were subjected to different 
treatments, including LPS, si-pim3, or si-pim3 plus LPS, 
and control cells were untreated. Protein expression of 
pim-3 was detected at 48 h after treatment, and cell 
proliferation at 24 and 48 h by MTT assay. Apoptosis 
was detected by flow cytometry, and confirmed with 
caspase-3 activity assay.

RESULTS: LPS promoted HSC-T6 cell proliferation 
and protected against apoptosis. Significantly delayed 
upregulation of pim-3 expression induced by LPS 
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occurred at 24 and 48 h for mRNA expression (pim-3/
β-actin RNA, 24 or 48 h vs  0 h, 0.81 ± 0.20 or 0.78 ± 
0.21 vs  0.42 ± 0.13, P  < 0.05), and occurred at 12 h 
and peaked at 24 and 48 h for protein expression (pim-3/
GAPDH protein, 12, or 24 or 48 h vs  0 h, 0.68 ± 0.12, 
1.47 ± 0.25 or 1.51 ± 0.23 vs  0.34 ± 0.04, P  < 0.01). 
pim-3 protein was ablated by si-pim3 and upregulated 
by LPS in HSC-T6 cells at 48 h after treatment (pim-3/
GAPDH: si-pim3, si-pim3 plus LPS or LPS vs  control, 
0.11 ± 0.05, 0.12 ± 0.05 or 1.08 ± 0.02 vs  0.39 ± 
0.03, P  < 0.01). Ablation of pim-3 by si-pim3 in HSC-T6 
cells partly abolished proliferation (OD at 24 h, si-pim3 
group or si-pim3 plus LPS vs  control, 0.2987 ± 0.050 or 
0.4063 ± 0.051 vs  0.5267 ± 0.030, P  < 0.01; at 48 h 
0.4634 ± 0.056 or 0.5433 ± 0.031 vs  0.8435 ± 0.028, 
P  < 0.01; si-pim3 group vs  si-pim3 plus LPS, P  < 0.01 
at 24 h and P  < 0.05 at 48 h), and overexpression of 
pim-3 in the LPS group increased cell proliferation (OD: 
LPS vs  control, at 24 h, 0.7435 ± 0.028 vs  0.5267 ± 
0.030, P  < 0.01; at 48 h, 1.2136 ± 0.048 vs  0.8435 
± 0.028, P  < 0.01). Ablation of pim3 with si-pim3 in 
HSC-T6 cells aggravated apoptosis (si-pim3 or si-pim3 
plus LPS vs  control, 42.3% ±1.1% or 40.6% ± 1.3% 
vs  16.8% ± 3.3%, P  < 0.01; si-pim3 vs  si-pim3 plus 
LPS, P  > 0.05), and overexpression of pim-3 in the LPS 
group attenuated apoptosis (LPS vs  control, 7.32% ± 
2.1% vs  16.8% ± 3.3%, P  < 0.05). These results were 
confirmed by caspase-3 activity assay.

CONCLUSION: Overexpression of pim-3 plays a 
protective role in LPS-stimulated HSC-T6 cells.

Key words: pim-3; Lipopolysaccharide; Hepatic stellate 
cell; si-pim3
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Core tip: Hepatic stellate cell (HSC)-T6 cells stimulated 
by lipopolysaccharide (LPS) showed overexpression 
of pim-3 kinase. Overexpression of pim-3 in LPS-
stimulated HSC-T6 cells protected against apoptosis 
and promoted proliferation. Knockdown of pim3  gene 
abolished proliferation of HSC-T6 cells and led to 
apoptosis. Overexpression of pim-3 induced by LPS 
play a protective role in rat hepatic stellate cells.

Liu LH, Lai QN, Chen JY, Zhang JX, Cheng B. Overexpression 
of pim-3 and protective role in lipopolysaccharide-stimulated 
hepatic stellate cells. World J Gastroenterol 2015; 21(29): 
8858-8867  Available from: URL: http://www.wjgnet.
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INTRODUCTION
Fibrosis and cirrhosis of the liver cause serious mor­
bidity and mortality worldwide. Nearly all patients with 

chronic liver diseases experience liver fibrosis and 
some develop cirrhosis. Hepatic stellate cells (HSCs) 
are of pathogenetic relevance during the development, 
progression and regression of hepatic fibrosis. When 
the liver is injured, quiescent HSCs in the normal liver 
are activated. Activated HSCs secrete extracellular 
cell matrix (ECM) and inhibit ECM decomposition to 
promote progression of hepatic fibrosis. Promotion of 
apoptosis of activated HSCs may be an effective way 
to reverse fibrosis[1,2].

Lipopolysaccharide (LPS), which is found on 
the outer membrane of Gram-negative bacteria, is 
increased in the portal vein as the severity of hepatic 
fibrosis increases[3], due to increased portal vein 
pressure and gut permeability. LPS stimulates activity 
of HSCs and activates interaction of HSCs with Kupffer 
and endothelial cells to promote liver fibrosis and 
adjust portal vein pressure[4-6]. The cellular activation 
induced by LPS is accompanied with altered expression 
of several genes. Previous studies have revealed that 
LPS upregulates the activity of nuclear factor (NF)-
κB and mitogen-activated protein kinase (MAPK) in 
activated HSCs[7-11], however, pim-3 kinase expression 
and its role in LPS-stimulated HSCs has not been 
reported.

pim kinase belongs to a serine/threoine protein 
kinase family that consists of pim-1, pim-2 and pim-3 
and has been implicated in cell proliferation and 
apoptosis[12]. pim-3 kinase is overexpressed in both 
solid cancer cells and hematological malignancies, 
which contributes to tumor development through its 
anti-apoptosis and pro-proliferation functions[12]. In 
several normal cells, pim-3 kinase is upregulated by 
stress such as anoxia/reoxygenation injury, ischemia/
reperfusion injury, or LPS, and protects against tissue 
injury[13,14]. Here, we investigated pim-3 expression 
and its protective role in LPS-stimulated HSCs. 

MATERIALS AND METHODS
Chemicals
HSC-T6 is an immortal rat cell line transfected with 
SV40 T antigen vector containing sarcoma virus 
promoter[15]. The cell line was a generous gift from 
Scott L. Friedman. LPS (Sigma, St Louis, MO, United 
States) was used to stimulate HSC-T6 cells. siRNA 
(Biomics Biotechnologies, Shanghai, China) was used 
to study pim-3 function in HSC-T6 cells. Total protein 
extraction kits were purchased from Solarbio (Beijing, 
China). The primary antibody to pim-3 was purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA, 
United States). Caspase-3 Activity Assay kit was from 
Beyotime Institute of Biotechnology (Nantong, China). 

Cell culture
HSC-T6 cells were grown in Dulbecco’s Modified Eagle’s 
Medium (DMEM) supplemented with 10% (v/v) fetal 
bovine serum (FBS) at 37 ℃ in a humidified 5% CO2 



8860 August 7, 2015|Volume 21|Issue 29|WJG|www.wjgnet.com

atmosphere. The cultures were passaged after 80% 
confluence every 3 d. 

methyl thiazoyltetrazolium assay 
The determination of cell proliferation was based on 
methyl thiazoyltetrazolium (MTT) metabolism. HSC-T6 
cells were seeded into 96-well plates at 104 cells/well 
with 0.75% FBS for 24 h, as described previously, 
with some modification[16]. At the designated time, 
20 μL MTT (5 mg/mL) was added to each well and 
the medium was removed after 4 h following addition 
of 150 μL DMSO to dissolve the dye for 10 min. 
The absorbance of each well was read at 490 nm 
by a spectrophotometer (Thermo Fisher Scientific, 
Shanghai, China). The experiments were performed in 
triplicate.

Detection of apoptosis
Apoptosis was measured using AnnexinV-fluorescein 
isothiocyanate (FITC)/PI apoptosis detection kit I (BD, 
San Jose, CA, United States). After 48 h treatment 
with different stimuli, the cells were digested by trypsin 
without EDTA and collected by centrifugation at 300 
× g for 5 min. Cells were washed twice with cooled 
PBS and resuspended with 100 μL binding buffer 
per 105 cells. Following incubation with 5 μL Annexin 
V-FITC and 5 μL PI solution in a dark room at room 
temperature for 15 min, 400 μL binding buffer was 
added and shaken slightly. The samples were collected 
and 104 cells were analyzed by a FACSCalibur flow 
cytometer (BD).

Caspase-3 assay
Protein was extracted from the treated HSC-T6 cells 
and the concentration was determined by BCA protein 
assay kits (Thermo Fisher Scientific). Caspase-3 
activity was measured using the Caspase-3 Activity 
Assay kit (Beyotime Institute of Biotechnology). Cell 
extracts were mixed with Ac-DEVD-pNA substrate 
for 2 h at 37 ℃ in 96-well plates prior to colorimetric 
measurement of p-nitroanilide product at 405 nm.

Semi-quantitative reverse transcriptase polymerase 
chain reaction
HSC-T6 cells were seeded in six-well plates. After 
culturing for 12 h, cells received different treatments 
following serum starvation with 0.75% FBS. After 
treatment, total RNA was extracted from the cells 
using an RNA simple Total RNA kit (Tiangen, Beijing, 
China). The first strand of cDNA was synthesized 
with the reverse-transcript kit (Takara, Dalian, 
China). The following primers were used: (1)pim-3: 
forward: 5’-CACTGACTTTGATGGCACCC-3’ reverse: 
5’-ATGCCCAGACGAAGACCA-3’(product of 770bp) 
(2) β-actin: forward: TCAGGTCATCACTATCGGCAAT 
reverse: AAAGAAAGGGTGTAAAACGCA (product of 
432 bp). PCR was performed in a 25-μL reaction 
mixture containing 1 μL cDNA, 0.5 μL each primer, 
0.25 μL rTaq DNA polymerase, and 2.0 μL dNTP. The 

PCR was performed with the following thermal cycling 
conditions: (1) denaturation at 95 ℃ for 5 min; (2) 35 
cycles of denaturation at 94 ℃ for 45 s; and (3) primer 
annealing at 55 ℃ for 45 s and primer extension at 
72 ℃ for 60 s, with a final extension at 72 ℃ for 10 
min. The PCR products were electrophoresed in a 1.5% 
agarose gel containing ethidium bromide and visualized 
with UV light. The bands in the gels were quantified 
with Quantity one 4.62 and the level of a particular 
cDNA was normalized to that of β-actin product.

Protein expression determination 
HSC-T6 cells were seeded in six-well plates. After 
culturing for 12 h, cells received different treatments 
following serum starvation with 0.75% FBS. After 
treatment, the cell pellets were collected, washed 
three times with ice-cold PBS, and resuspended in 
lysis buffer to extract protein. Protein concentration 
was determined by BCA protein assay kits (Thermo 
Fisher Scientific). The protein solution was heat-
denatured with an equal volume of 2 × SDS loading 
buffer for 5 min and separated on 12% SDS-PAGE. 
The protein was then electro-transferred onto PVDF 
membranes. After blocking with 5% skimmed milk in 
PBS at 4 ℃ overnight, the membrane was incubated 
with each primary antibody, followed by incubation 
with a horseradish-peroxidase-conjugated secondary 
antibody. The membrane was then exposed to X-ray 
film and the quantification of the bands was carried 
out by Quantity one 4.62. GAPDH was used as an 
internal control for loading.

Assessment of LPS effect on HSC-T6 cells
HSC-T6 cells were subjected to LPS (Escherichia coli 
055:B5) treatment at different concentrations (10 
ng/mL, 100 ng/mL, 1 μg/mL or 5 μg/mL) for 24 or 
48 h following starvation with 0.75% FBS. MTT assay 
was conducted to achieve the optimum concentration 
of LPS for promotion of HSC-T6 cell proliferation. 
Apoptosis was detected by flow cytometry at 48 h after 
treatment with 1 μg/mL LPS. Reverse transcriptase 
polymerase chain reaction (RT-PCR) and western 
blotting were performed to detect pim-3 expression at 
48 h when HSC-T6 cells were stimulated with 1 μg/mL 
LPS by different time-course (0 , 3 , 6 , 12 , 24  and 
48 h). The cells without stimulation served as controls.

RNA interference protocol
Short interfering RNA (siRNA) was synthesized 
by Biomics Biotechnologies. siRNA duplexes were 
designed to target AA(19)UU sequences in the open 
reading frame of mRNA encoding pim-3. Three siRNA 
against pim-3 (si-pim3) and one scrambled siRNA 
were transiently transfected into HSC-T6 cells with 
Lipofectamine 2000 transfection regent (Invitrogen, 
Carlsbad, CA, United States). One day before 
transfection, HSC-T6 cells were cultured in DMEM 
with no antibiotics, then in medium with serum-
free complexes containing siRNA and Lipofectamine 
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Table 1  Effect of lipopolysaccharide on hepatic stellate cells-T6 
proliferation assessed by methyl thiazoyltetrazolium assay
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2000 (20 pmol siRNA to 1 μL Lipofectamine 2000) 
for 6 h, followed by DMEM with 10% FBS. Forty-
eight hours later, the cells were harvested and 
lysed and pim-3 mRNA and protein expression was 
detected by RT-PCR and western blotting to select 
the perfect siRNA duplex. The selected siRNA duplex 
(sense chain: 5’-UUCUCCGAACGUGUCACGUdTdT-3’ 
antisense chain 5’-ACGUGACACGUUCGGAGAAdTdT-3’) 
and the scrambled siRNA duplex (sense chain: 
5’-UUCUCCGAACGUGUCACGUdTdT-3’, antisense 
chain: 5’-ACGUGACACGUUCGGAGAAdTdT-3’) was 
further blasted to search against another rat genome 
sequence to ensure its targets specificity. Experiments 
were divided into the following groups. Control group: 
HSC-T6 cells incubated without treatment. Liposome 
group: HSC-T6 cells incubated with equivalent 
liposome. Scramble group: scrambled RNA transfected 
into HSC-T6 cells. si-pim3 group: si-pim3 was 
transfected into HSC-T6 cells. LPS group: HSC-T6 cells 
treated with 1 μg/mL LPS. si-pim3 plus LPS group: si-
pim3 was transfected into HSC-T6 cells, then treated 
with 1 μg/mL LPS. HSC-T6 cells were harvested at 
the designated time and cell proliferation (at 24 or 48 
h after treatment), protein expression (at 48 h), and 
apoptosis (at 48 h) were determined. Each experiment 
was repeated three times.

Statistical analysis
Values were expressed at mean ± SD from duplicate 
samples. The difference in the means between 
two groups was tested by the Students’ t test (two 
tailed), and that between the groups (above three 
groups) was tested by one-way ANOVA followed by 
Student-Newman-Keul test; P < 0.05 was considered 
statistically significant.

RESULTS
Effect of LPS on proliferation and apoptosis of HSC-T6 
cells
Proliferation of HSC-T6 cells treated with LPS at 10 ng/
mL, 100 ng/mL, 1 μg/mL and 5 μg/mL was 1.19-, 1.19-, 
1.39- and 1.31-fold that of the control group at 24 h 
after treatment; and 1.10-, 1.25-, 1.41- and 1.37-fold 
that at 48 h after treatment (Table 1). Proliferation with 

1 μg/mL LPS was the highest. Our results show that LPS 
promotes HSC-T6 cell proliferation and the optimum 
concentration is 1 μg/mL. 

Apoptosis was detected by flow cytometry following 
Annexin-FITC/PI double staining, and FITC+PI- spots 
represented early apoptosis, while FITC+PI+ spots 
represented late apoptosis. Total apoptosis rate of 
HSC-T6 cells treated with LPS was lower than that of 
the control group (control vs LPS, 16.3% ± 2.4% vs 
8.3% ± 2.3%, P < 0.05), which suggests that LPS has 
an inhibitory effect on HSC-T6 apoptosis (Figure 1).

Overexpression of pim-3 induced by LPS in HSC-T6 
cells
Expression of pim-3 mRNA in LPS-stimulated HSC-T6 
cells at 3, 6, 12, 24 and 48 h after treatment was 
0.95-, 1.28-, 1.63-, 1.94- and 1.84-fold that of the 
control group, respectively (Figure 2). Expression was 
significantly increased at 24 and 48 h after treatment (P 
< 0.05, compared to that at 0 and 3 h). Expression of 
pim-3 protein in LPS-treated cells at 3, 6, 12, 24 and 
48 h after treatment was 1.67-, 1.42-, 2.01-, 4.30- 
and 4.42-fold that of the control group, respectively. 
Expression increased significantly at 12 h (P < 0.05, 
compared with 0 h), reached a plateau at 24 h, and 
was sustained at a high level at 48 h (P < 0.01, 
compared with 0 h). The results clearly demonstrated 
that LPS significantly increases expression of pim-3 in 
HSC-T6 cells at transcriptional and translational levels 
and delays overexpression of pim-3.

Expression of pim-3 in RNA interference protocol
In order to clarify the role of endogenous pim-3 
in HSC-T6 cells, we tested cell proliferation and 
apoptosis under the condition of pim-3 ablation by 
RNA interference (RNAi) and overexpression of pim-3 
induced by LPS. Three si-pim3 duplexes were used 
and pim-3 mRNA and protein levels were measured 
in HSC-T6 cells at 48 h after si-pim3 transfection. si-
pim3 was selected depending on the experiment for its 
strongest inhibition. The selected si-pim3 duplex (sense 
chain: 5’-UUCUCCGAACGUGUCACGUdTdT-3’ antisense 
chain 5’-ACGUGACACGUUCGGAGAAdTdT-3’) could 
reduce about 70% expression of pim-3 protein. pim-3 
expression was confirmed by western blotting, and 
pim-3 protein was ablated by si-pim3 and upregulated 
by LPS at 48 h after treatment (Figure 3) (pim-3/
GAPDH: si-pim3 or si-pim3 plus LPS or LPS vs control, 
0.11 ± 0.05 or 0.12 ± 0.05 or 1.08 ± 0.02 vs 0.39 ± 
0.03, P < 0.01).

Effect of pim-3 kinase on HSC-T6 cell proliferation
To determine the effect of pim-3 kinase on HSC-T6 
cell proliferation, we compared proliferation among 
different groups treated with si-pim3 transfection 
(ablation of pim-3), LPS (overexpression of pim-3), or 
LPS combined si-pim3 transfection (ablation of pim-3). 

Parameter 24 h (OD) 48 h (OD)

Control 0.5033 ± 0.023 0.8853 ± 0.021
LPS (10 ng/mL)    0.5998 ± 0.019a,b    0.9813 ± 0.037a,b

LPS (100 ng/mL)    0.6002 ± 0.038a,b    1.1126 ± 0.050a,b

LPS (1000 ng/mL)  0.7032 ± 0.066b    1.2469 ± 0.0525b

LPS (5000 ng/mL)  0.6625 ± 0.015b  1.2141 ± 0.018b

Data are expressed as mean ± SD (n = 6). aP < 0.05 vs LPS, 1000 ng/mL, bP 
< 0.01 vs control.
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Table 2  Effect of ablation of pim-3 on HSC-T6 cell proli
feration assessed by methyl thiazoyltetrazolium assay
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HSC-T6 cell proliferation in the si-pim3 group and si-
pim3 plus LPS group was significantly decreased, 
compared with the control group (OD: si-pim3 or si-
pim3 plus LPS vs control, at 24 h, 0.2987 ± 0.050 
or 0.4063 ± 0.051 vs 0.5267 ± 0.030, P < 0.05; at 
48 h, 0.4634 ± 0.056 or 0.5434 ± 0.031 vs 0.8435 
± 0.028, P < 0.05), whereas proliferation in the LPS 
group was significantly increased, compared with the 
control group (OD: LPS vs control, at 24 h, 0.7435 ± 
0.028 vs 0.5267 ± 0.030, P < 0.01; at 48 h, 1.2136 
± 0.048 vs 0.8435 ± 0.028, P < 0.01) (Table 2). 
These results indicated that ablation of pim-3 in the 
si-pim3 group inhibited HSC-T6 cell proliferation, and 

overexpression of pim-3 in the LPS group promoted 
HSC-T6 proliferation, which suggests that endogenous 
pim-3 has potential pro-proliferative activity in HSC-T6 
cells. HSC-T6 cell proliferation in the si-pim3 plus LPS 
group was significantly increased, compared with 
the si-pim3 group (P < 0.05), however, they had 
similar expression of pim-3, which means that LPS 
has another approach to promote cell proliferation 
independent of pim-3 kinase.

Effect of pim-3 kinase on HSC-T6 cell apoptosis
The apoptosis rate of HSC-T6 cells in the LPS group with 
overexpression of pim-3 was significantly lower than 
that of the control group (LPS vs control, 7.32% ± 2.1% 
vs 16.8% ± 3.3%, P < 0.05) (Figure 4). In contrast, 
the apoptosis rate of the si-pim3 group with ablation of 
pim-3 was remarkably higher than that of the control 
group (si-pim3 vs control, 42.3% ± 1.1% vs 16.8% 
± 3.3%, P < 0.01), but similar to that of the si-pim3 
plus LPS group (si-pim3 vs si-pim3 plus LPS, 42.3% 
± 1.1% vs 40.6% ± 1.3%, P > 0.05). These results 
demonstrated that ablation of pim-3 can aggregate 
HSC-T6 cell apoptosis and endogenous pim-3 kinase 
may protect HSC-T6 cells from apoptosis. 

Caspase-3 is a cell death executioner, which can be 
activated by various apoptosis signals. To confirm the 
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Figure 1  Protective effect of lipopolysaccharide on apoptosis of hepatic stellate cell-T6 cells. Cells were treated with 1 μg/mL LPS for 48 h. Upper panel, flow 
cytometry according to annexin-fluorescein isothiocyanate/PI double staining; lower panel, apoptosis rate. Data are expressed as mean ± SD. n = 3, aP < 0.05 (P = 
0.013) vs control. LPS: lipopolysaccharide.

Group 24 h (OD) 48 h (OD)

Control 0.5267 ± 0.030 0.8435 ± 0.028
Liposomes 0.5749 ± 0.028 0.8552 ± 0.014
si-pim3  0.2987 ± 0.050b  0.4634 ± 0.056b

scrambled 0.5062 ± 0.066 0.8069 ± 0.039
si-pim3 plus LPS    0.4063 ± 0.051a,b  0.5434 ± 0.031b

LPS  0.7435 ± 0.028b    1.2136 ± 0.048b,c

Data are expressed as mean ± SD (n = 6). aP < 0.05 vs si-pim3 group; bP < 0.01 
vs control group; cP < 0.01 LPS vs other groups. 
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0 h            3 h            6 h            12 h          24 h           48 h

Figure 2  Overexpression of pim-3 in lipopolysaccharide-stimulated hepatic stellate cells-T6 cells. Cells were treated at different times, with 1 μg/mL 
lipopolysaccharide for 0, 3, 6, 12, 24 and 48 h, and samples were collected at the same final time of 48 h. mRNA and protein level of pim-3 expression was detected 
by RT-PCR and Western blotting, respectively. A: Representative mRNA expression; B: Representative protein expression; C: relative level of pim-3 was normalized 
to value obtained for β-actin mRNA expression; D: Relative level of pim-3 was normalized to value obtained for GADPH protein expression. The data are expressed in 
line chart in order to reflect the expression change over time. Data are expressed as mean ± SD (n = 3). aP < 0.05 vs 0 h; bP < 0.01 vs 0 h.
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Table 3  Effect of ablation of pim-3 on caspase-3 activity of 
hepatic stellate cells-T6 cells
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results from flow cytometry following Annexin V-FITC/
PI staining, we quantified the activity of caspase-3. 
Caspase-3 activity in the LPS group was lower than in 
the control group (Table 3). In contrast, the activity in 
the si-pim3 group was significantly higher than in the 
control group (P < 0.05), and similar to that in the si-
pim3 plus LPS group. All the results were consistent 
with those from flow cytometry following Annexin-
FITC/PI double staining.

DISCUSSION
To the best of our knowledge, the present work is the 
first report about the expression of pim-3, as well 
as its role in HSCs treated with LPS. In this study, 
HSC-T6 cells stimulated by LPS showed overexpression 
of pim-3 kinase. Overexpression of pim-3 in LPS-
stimulated HSC-T6 cells protected against apoptosis 
and promoted proliferation, however, knockdown of 
pim3 gene by si-pim3 abolished proliferation of HSC-T6 
cells and led to apoptosis. These results suggest 
that overexpression of pim-3 induced by LPS has a 
protective role in rat HSCs. 

 Endotoxin in the portal vein and circulating 
blood is increased by aggravation of chronic liver 
disease and hepatic fibrosis[3], and contributes to 
hepatic fibrosis[5,17]. LPS could indirectly activate 
HSCs and protect against apoptosis by soluble 
mediators from Kupffer cells[18-20], or apoptotic bodies 
from damaged hepatocytes[21,22]. Activated HSCs 
have several phenotypes, including proliferation, 
fibrogenesis, contractility, inflammatory signaling, 

Figure 3  Effect of si-pim3 on pim-3 expression. Cells were treated at different times and pim-3 protein was detected at 48 h by western blotting. Lane 1: control; Lane 2: 
liposomes; Lane 3: si-pim3; Lane 4: scrambled; Lane 5: si-pim3 plus LPS; Lane 6: LPS. Upper panel, representative Western blotting results; lower panel, relative 
expression levels of proteins, normalized against GADPH. Data are expressed as mean ± SD (n = 3 ). bP < 0.01 vs control, dP < 0.01 LPS vs other groups.
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Figure 4  Effect of ablation of pim-3 on hepatic stellate cells-T6 cell apoptosis. Cells were treated with si-pim3, LPS or si-pim3 plus LPS for 48 h, and apoptosis 
was detected by flow cytometry followed by annexin V-FITC/PI double staining. A: Representative flow cytometry following Annexin V-FITC and PI staining; B: Data 
are expressed in a histogram in order to reflect the apoptosis change among the six groups. Data are expressed as mean ± SD. n = 3, aP < 0.05 LPS vs control; bP < 0.01 
versus control; cP < 0.01 vs LPS group.

Groups Caspase-3 activity (U)

Control 5.12 ± 1.33
Liposomes 4.95 ± 1.62
si-pim3  13.24 ± 2.81b,d

scrambled 5.28 ± 0.93
si-pim3 plus LPS  11.35 ± 0.85b,d

LPS  3.21 ± 0.55a

Data are expressed as mean ± SD (n = 6). aP < 0.05 vs control group; bP < 0.01 
vs control group; dP < 0.01 vs LPS. 
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and chemotaxis[23]. LPS also directly activates HSCs, 
and the cells show the inflammatory phenotype and 
secrete cytokines and chemokines[7,24]. Here, we 
studied the effect of LPS on proliferation and apoptosis 
of HSCs. The proliferation of primary activated HSCs 
in response to LPS, assessed by [3H]-thymidine 
incorporation, is unchanged[7], while that from HSC 
lines assessed by MTT is increased[25]. The difference 
may be due to differently derived cells and detection 
assays. In our study, LPS has a beneficial effect on 
proliferation of HSC-T6 cells and protects cells from 
apoptosis. 

Antibiotic use is a way to eliminate gut-derived 
endotoxin, and animal experiments have demonstrated 
its efficacy in hepatic fibrosis[5]. However, long-term 
use of antibiotics increases the possibility of drug 
resistance, and presently no antibiotics are approved 
for use against hepatic fibrosis. Thus, it may be 
necessary to explore alterations in survival gene 
expression in LPS-treated HSCs, to help find new ways 
to avoid the effect of LPS on hepatic fibrosis. Previous 
studies have demonstrated that LPS upregulates 
secretion of tissue inhibitor of metalloproteinase 
(TIMP-)1[9] (necessary for prevention of HSC apop­
tosis[26]) and interleukin-6 (necessary for HSC trans-
differentiation[27]), and upregulates expression of 
intracellular survival signal molecules, such as NF-κB, 
extracellular signal-regulated kinase (ERK) and C-Jun 
N-terminal kinase[11,16].

pim kinase is one of the serine/threoine protein 
kinase family, which at least includes pim-1, pim-2 
and pim-3. The three members are well conserved 
in vertebrates and show structural similarity and 
functional overlap. They all have a role in promoting 
cell growth and inhibiting apoptosis. Many tumor 
cells overexpress pim-3, such as solid cancers and 
hematological malignancies[12]. Normal cells induced 
by special stimuli can also upregulate expression of 
pim-3 kinase, such as cardiomyocytes with anoxia/
reoxgenation injury[13] , endothelial cell with tumor 
necrosis factor-α[28], and intestinal mucosa with LPS[14]. 
Our study clearly demonstrated that pim-3 expression 
is upregulated in HSCs treated with LPS. Unlike 
other survival signal molecules such as NF-κB and 
MAPK, which are characteristic of rapid and transient 
upregulation in LPS-stimulated HSCs[11], pim-3 
expression shows late and persistent upregulation, 
which suggests that overexpression of pim-3 depends 
on other upstream signaling molecules. pim-3 kinase 
is involved in accelerating the cell cycle and protecting 
against apoptosis. pim-3 kinase can phosphorylate 
p27kipl, inducing 14-3-3 binding and proteasome-
dependent degradation, thus relieving the inhibition 
of the cell cycle and promoting proliferation[29]. 
pim-3 also phosphorylates BCL-xL/BCL-2-associated 
death  promoter (BAD), inducing 14-3-3 binding and 
degradation, leading to release of Bcl-XL and Bcl-2[30,31], 

thus promoting cell survival[32]. Meanwhile, pim-3 
can phosphorylate signal transducer and activator 
of transcription (STAT)3[33], promote antiapoptotic 
protein synthesis of Bcl-XL and survivin, leading to cell 
survival. pim-3 kinase is constitutively active and does 
not require post-translational modifications for the 
induction of kinase activity. Ablation of pim-3 by RNAi 
was used to explore its function in HSCs treated with 
LPS. Our results show that endogenous pim-3 could 
play a protective role in LPS-stimulated HSC-T6 cells, 
according to the results from ablation of pim-3 by si-
pim3 and overexpression of pim-3 induced by LPS. The 
apoptosis rate of si-pim3-treated cells was similar to 
that of cells treated by si-pim3 plus LPS, which means 
that the antiapoptotic effect of LPS is completely 
inhibited by si-pim3. However, proliferation of si-pim3-
treated cells was lower than that of the cells treated by 
si-pim3 plus LPS, although they had similar expression 
of pim-3, which suggests that cell proliferation induced 
by LPS has another mechanism independent of pim-3. 
LPS upregulates pim3 kinase and stimulates several 
other survival kinases, such as NF-κB and ERK. The 
results suggest that pim-3 kinase is downstream of 
other survival genes that are dependent on LPS, which 
coincides with the timing of pim-3 expression. Further 
study is needed to ascertain the relationship of pim-3 
and other survival kinases.

In conclusion, the present study provides evidence 
that LPS can upregulate pim-3 expression in activated 
HSCs, and pim-3 expression can promote cell 
proliferation and inhibit apoptosis. Thus, pim-3 kinase 
may be an antifibrotic candidate target and blocker 
of pim-3 kinase, and an effective way to reverse liver 
fibrosis.
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