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1. Introduction

Glomerular diseases are a leading cause of chronic and end-
stage kidney failure worldwide, and an array of glomerular 
diseases is distinguished by glomerular mesangial 
cell (GMC) injury, including membranoproliferative 
glomerulonephritis, IgA nephropathy, and diabetic 
nephropathy. In a pathophysiological state, GMCs typically 
lead to expansion of the mesangial matrix and they 
undergo cell proliferation and hypertrophy and apoptosis. 
The phenomena are closely correlated with deterioration 

of renal function, so GMCs have long been considered an 
important factor in progressive renal failure (1). 
    Integrin-linked kinase (ILK) is known to be a widely 
expressed serine/threonine protein kinase localized to 
focal adhesion plaques and centrosomes (2,3). ILK plays 
a fundamental role in the regulation of cell survival, 
proliferation, and migration by connecting the cytoplasmic 
domains of β-integrins to the actin cytoskeleton, mediating 
integrin signaling in diverse cell types (3). An increase in 
the ILK level in the mesangium is associated with   diffuse 
mesangial expansion. ILK is a downstream mediator of 
int egrin β1 activity, and integrin/ILK signal pathways are 
involved in the regulation of cell adhesion, changes in cell 
morphology, and extracellular matrix (ECM) deposition 
(4). Overexpression of ILK can result in ECM remodeling 
and cell proliferation by GMCs (5). 
 Peroxisome proliferator-activated receptors (PPARs) 
are members of the nuclear hormone receptor family 
consisting of three subtypes (α, δ, and γ) with distinct 
and overlapping expression patterns (6). These lipid-
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sensitive receptors regulate many important physiological 
processes including glucose and lipid metabolism, energy 
homeostasis, cell proliferation, inflammation, immunity 
and reproduction (7). PPARγ is expressed in several types 
of tissue, including kidney tissue. In addition to regulating 
glucose and lipid metabolism, PPARγ has antiinfl ammatory 
and anti-fi brotic action in kidney diseases (8). 
 Eicosapentaenoic acid (EPA, C20:5 n-3) and 
docosahexaenoic acid (DHA, C22:6 n-3), which belong 
to the n-3 polyunsaturated fatty acid (PUFA) family, are 
the main components of fi sh oil from deep sea fi sh. Fish 
oil, a type of PPARγ natural ligand, has been reported 
to slow the progress of kidney disease. A diet rich in n-3 
PUFA, like EPA and DHA, has been associated with 
reduced triacylglycerol (TAG) levels, anti-infl ammatory 
action, pulmonary disease (9), and a lowered risk of 
cardiovascular disease and mortality (10-13). A higher 
dietary intake of PUFA may protect against progression 
of chronic kidney disease (14). Clinical trials have 
provided conflicting results with regard to the efficacy 
of n-3 PUFA in treating IgA nephropathy, although in 
vitro and in vivo experimental studies have indicated that 
n-3 PUFA act on infl ammatory pathways involved in the 
progression of kidney disease (15). 
 Despite increasing knowledge of the benefi cial effects 
of fish oil in treating nephropathy, the exact mechanisms 
underlying its renoprotective effects are not fully 
understood. Previous studies by the current authors showed 
that EPA and DHA inhibited the proliferation of GMCs 
induced by lipopolysaccharide (LPS) (16). Furthermore, 
the protective effects of EPA and DHA on the kidney were 
found to be related to their action to suppress TGF-β1 and 
MCP-1 expression in GMCs (17). In addition, EPA and 
DHA may protect GMCs by regulating the imbalance of 
MMP and TIMP expression (18). The present study sought 
to examine the effects of EPA and DHA on the expression 
of PPARγ, ILK, and integrin β1 in rat GMSs in order to 
further investigate the renoprotective action of fi sh oil.

2. Materials and Methods

2.1. Chemicals and antibodies 

EPA, DHA, and LPS were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). RPMI 1640 and fetal bovine serum 
(FBS) were purchased from Life Technologies (Carlsbad, 
CA, USA). Rabbit anti-rat ILK and rabbit anti-rat PPARγ 
were from Santa Cruz Biotechnology (Dallas, TX, USA). 
Monoclonal antibody against β-actin was purchased from 

Beijing Jing Mei Biotechnology (Beijing, China). All 
primers were synthesized by BioSune (Shanghai, China). 
Green real-time PCR master mix was purchased from 
Toyobo Biotech (Shanghai, China).

2.2. Cell culture

Rat GMCs (HBZY-1) were purchased from the Chinese 
Center for Typical Culture Collection (Wuhan, Hubei, 
China). GMCs were routinely cultured in RPMI-1640 
media supplemented with 10% FBS. For experiments, 
GMCs were divided into six groups: i) Control group: 
cells were cultured in RPMI-1640 during the entire study; 
ii) LPS group: cells were treated with 10 μg/mL LPS; iii) 
Low-dose EPA group: cells were treated with 10 μg/mL 
LPS and 10 μmol/L EPA; iv) High-dose EPA group: cells 
were treated with 10 μg/mL LPS and 100 μmol/L EPA; v) 
Low-dose DHA group: cells were treated with 10 μg/mL 
LPS and 10 μmol/L DHA; vi) High-dose DHA group: cells 
were treated with 10 μg/mL LPS and 100 μmol/L DHA. 
Each experiment was repeated three times. 

2.3. RNA isolation and quantitative real-time polymerase 
chain reaction (PCR)

After incubation for 24 h or 48 h, GMCs were harvested 
and total RNA was extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer's protocol. Complement DNA (cDNA) 
was synthesized using a Super Script III first strand 
cDNA synthesis Kit (Invitrogen). Real-time PCR was 
performed with SYBR Green PCR Master Mix kits 
(Applied Biosystems, Foster City, CA, USA) and an ABI 
Prism 7900HT Sequence Detection System (Applied 
Biosystems, Foster City, CA, USA). Gene-specifi c primer 
sequences are listed in Table 1.
 β-Actin was used as an internal control to quantify 
mRNA expression. The relative expression of the target 
gene = intensity of fl uorescence of target gene fragments/ 
intensity of fluorescence of the β-actin gene. Cycling 
conditions were 94ºC, 3 min, followed by 40 cycles of 
94ºC, 30 sec; 60ºC, 30 sec; and 72ºC, 1 min.

2.4. Western blotting

After incubation for 24 h or 48 h, cells were harvested and 
lysed. The protein concentration was determined using 
the Coomassie Brilliant Blue method. Equal amounts of 
lysate proteins from whole-cell lysates were loaded onto 
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Table 1. Primer pairs used in RT-PCR

Gene

PPARγ
ILK
Intergrin β1
β-Actin

Reverse (5'-3')

TGGCAGCAGTGGAAGAATCG
CACATGGGGGGAAATACCTG 
AACCACCATAACAAAATGGG
CCAGTTGGTAACAATGCCATGT

Forward (5'-3')

AACCGGAACAAATGCCAGTA
CTTCTGTGGGAACTGGTGAC 
AGGAGGAGTAAAGTAAGTAG
GGCTGTATTCCCCTCCATCG
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level of PPARγ mRNA to the level of β-actin mRNA was 
determined to be 1.0 for the control group, and this value 
decreased dramatically to 0.68 (24 h, p < 0.05) and 0.31 
(48 h, p < 0.01) for the LPS group. Incubation of GMCs 
treated with EPA (10 μmol/L and 100 μmol/L) or DHA 
(10 μmol/L and 100 μmol/L) for 24 h (Figure 2A) and 48 
h (Figure 2B) resulted in a signifi cant increase in PPARγ 
mRNA expression in comparison to that in the LPS group 
(p < 0.05 or p < 0.01).

3.2. EPA and DHA reduced ILK expression in GMCs

The rise in the ILK level in the mesangium is associated 
with diffuse mesangial expansion. Whether EPA or 
DHA is able to diminish ILK expression in GMCs was 
ascertained at the mRNA level and at the protein level.
 ILK protein expressed by GMCs was evaluated using 
Western blotting. Exposure of cultured GMCs to 10 μg/mL 
LPS induced a significant increase in ILK expression in 
comparison to that in the control group (p < 0.01 at 24 and 
48 h, Figure 3). Incubation of GMCs treated with EPA 

10% gels and separated using SDS-PAGE. Then gels were 
transferred to a polyvinylidene difl uoride membrane. After 
blocking for 2 h at room temperature in blocking buffer, 
the membrane was incubated overnight with rabbit anti-rat 
PPARγ or rabbit anti-rat ILK. Blots were washed and then 
incubated with a secondary goat antibody raised against 
rabbit IgG conjugated to horseradish peroxidase. After 
further washing, the bound antibodies were visualized 
using an ECL kit, and band densities were measured 
using TINA imaging software (Raytest, Straubenhardt, 
Germany). The level of β-actin protein served as a protein 
loading control.

2.5. Statistical analysis

Data are expressed as mean ± SD. One-way ANOVA 
followed by Dunnett's test was performed using SPSS/
Win11.0 software (SPSS, Inc., Chicago, IL, USA). A 
signifi cant difference was defi ned as p < 0.05.

3. Results

3.1. EPA and DHA increased PPARγ expression in GMCs

The effects of EPA and DHA on PPARγ expression were 
examined at the mRNA level and at the protein level in 
GMCs treated with LPS. 
 PPARγ protein expressed by GMCs was evaluated 
using Western blotting. Exposure of cultured GMCs to 
10 μg/mL LPS induced a significant decrease in PPARγ 
expression in comparison to that in the control group (p < 
0.01 at 24 h and 48 h, Figure 1). Incubation GMCs cultured 
with 10 μg/mL LPS and treated with EPA (100 μmol/L) 
or DHA (100 μmol/L) for 24 h resulted in a significant 
increase in PPARγ protein expression (p < 0.01, vs. LPS 
group, Figure 1A). In addition, incubation of GMCs treated 
with 100 μmol/L of EPA or 10 μmol/L or 100 μmol/L of 
DHA for 48 h markedly increased the expression of PPARγ 
(p < 0.05 or p < 0.01, vs. LPS group, Figure 1B).
 Levels of PPARγ mRNA in GMCs were determined 
using real-time PCR. As shown in Figure 2, the ratio of the 

Figure 1. Effects of EPA and DHA on PPARγ protein 
expression in GMCs. Expression of PPARγ was detected 
using Western blotting at 24 h (A) and 48 h (B). ## p < 0.01, 
vs. control group. * p < 0.05, ** p < 0.01, vs. LPS group.

Figure 2. Effects of EPA and DHA on PPARγ mRNA 
expression in GMCs. PPARγ mRNA expression was determined 
with real-time PCR at 24 h (A) and 48 h (B). The level of mRNA 
expression was normalized to that of β-actin. ## p < 0.01, vs. 
control group. * p < 0.05, ** p < 0.01, vs. LPS group.

Figure 3. Effects of EPA and DHA on ILK protein 
expression in GMCs. Expression of ILK was detected using 
Western blotting at 24 h (A) and 48 h (B). ## p < 0.01, vs. control 
group. ** p < 0.01, vs. LPS group.
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(10 μmol/L and 100 μmol/L) or DHA (10 μmol/L and 
100 μmol/L) for 24 h had no significant effect on ILK 
protein expression (p ˃ 0.05, vs. LPS group, Figure 3A). 
However, incubation of GMCs treated with 10 μmol/L or 
100 μmol/L of EPA or 10 μmol/L or 100 μmol/L of DHA 
for 48 h significantly decreased the expression of ILK 
protein (p < 0.01, Figure 3B).
 Levels of ILK mRNA in GMCs were determined using 
real-time PCR. As shown in Figure 4, the levels of ILK 
mRNA dramatically increased in the LPS group (p < 0.01 
at 24 h and 48 h). Incubation of GMCs treated with EPA 
(10 μmol/L and 100 μmol/L) or DHA (10 μmol/L and 100 
μmol/L) for 24 h resulted in a signifi cant decrease in ILK 
mRNA expression in comparison to that in the LPS group (p 
< 0.01, Figure 4A). Incubation of GMCs treated with 100 
μmol/L of EPA or 10 μmol/L or 100 μmol/L of DHA for 48 
h signifi cantly decreased the expression of ILK mRNA (p 
< 0.05 or p < 0.01 vs. LPS group, Figure 4B).

3.3. EPA and DHA reduced integrin β1 expression in 
GMCs

ILK is a downstream mediator of integrin β1 activity, and 
integrin/ILK signal pathways are involved in the regulation 
of cell adhesion, changes in cell morphology, and ECM 
deposition. Whether EPA or DHA was able to diminish 
integrin β1 mRNA expression in GMCs was ascertained.
 Levels of integrin β1 mRNA in GMCs were 
determined using real-time PCR. As shown in Figure 5, the 
levels of integrin β1 mRNA dramatically increased in LPS-
treated cells (p < 0.01 at 24 h and 48 h, vs. control group). 
Incubation of GMCs treated with EPA (100 μmol/L) for 24 
h resulted in a significant decrease in integrin β1 mRNA 
expression in comparison to that in the LPS group (p < 0.05; 
Figure 5A). Incubation of GMCs treated with 10 μmol/L or 
100 μmol/L of EPA or 10 μmol/L or 100 μmol/L of DHA 
for 48 h signifi cantly decreased the expression of integrin 
β1 mRNA in comparison to that in the LPS group (p < 0.05 
or p < 0.01, Figure 5B).

4. Discussion 

This study investigated the mechanisms underlying 
the renoprotective effect of EPA and DHA in GMCs in 
vitro. Results indicated that EPA and DHA signifi cantly 
increased the expression of PPARγ and reduced the 
expression of ILK and i  ntegrin β1 in GMCs, and these 
levels of expression changed dramatically when cells 
were cultured with LPS. These results suggest that the 
renoprotective effects of EPA and DHA are possibly 
related to their effects on the expression of PPARγ, 
ILK, and integrin β1 in GMCs. 
 PPARγ plays an important role in mesangial cells 
responding to inflammatory stress.  PPARγ protein 
expression increased dramatically in human mesangial 
cells stimulated with interleukin-1β (IL-1β), and the 
levels of interleukin-6 (IL-6) and tumor necrosis factor 

α (TNFα) increased signifi cantly in comparison to those 
in untreated cells (19). A key finding is that PPARγ 
agonists, including troglitazone, rosiglitazone, and 
prostaglandin J2, significantly decrease the increased 
expression of TNFα and IL-6 (19). Rosiglitazone 
inhibits mesangial cell proliferation by blocking 
reactive oxygen species (ROS)-dependent epidermal 
growth factor receptor (EGFR) intracellular signaling, 
and telmisartan has powerful anti-infl ammatory action 
via PPARγ activation in mesangial cells (20). PPARγ 
may prove to be a pharmacological target for treatment 
of glomerulonephritis (19). Fish oil reduced an LPS-
induced inflammatory response in HK-2 cells via a 
PPARγ dependent pathway (21). The current results 
indicated that both EPA and DHA effectively up-
regulated PPARγ mRNA and protein expression. 
Thus, fish oil may play a role by activating PPARγ. 
PPARγ agonists are effective in delaying and even 
preventing the progression of many renal diseases (7). 
These data suggest that PPARγ plays an important role 
in the response of mesangial cells to inflammatory 
stress. PPARγ may represent a potential target for the 
treatment of renal diseases (7).
 ILK is a focal adhesion adaptor and a serine/threonine 

Figure 4. Effects of EPA and DHA on mRNA expression of 
ILK in GMCs. ILK mRNA expression was determined with 
real-time PCR at 24 h (A) and 48 h (B). The level of mRNA 
expression was normalized to that of β-actin. ## p < 0.01, vs. 
control group. * p < 0.05, ** p < 0.01, vs. LPS group.

Figure 5. Effects of EPA and DHA on integrin β1 mRNA 
expression in GMCs. Integrin β1 mRNA expression was 
determined with real-time PCR at 24 h (A) and 48 h (B). The 
level of mRNA expression was normalized to that of β-actin. ## p 
< 0.01, vs. control group. * p < 0.05, ** p < 0.01, vs. LPS group.
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protein kinase that regulates cell proliferation, survival, 
epithelial-mesenchymal transition (EMT), and kidney 
development (22,23). It acts as a central component of a 
heterotrimer (the PINCH-ILK-parvin complex) at ECM 
adhesions, mediating interactions with a large number 
of proteins via multiple sites including its p  seudoactive 
site. ILK links integrins to the actin cytoskeleton and 
catalytic proteins and thereby regulates focal adhesion 
assembly, cytoskeleton organization, and signaling (24). 
Increased activity of ILK and integrin β1 in GMCs may 
contribute to the development of sustained mesangial 
cell proliferation and lead to glomerular scarring (5). 
In aging kidneys,  integrin β1 and ILK may be involved 
in the process of fibrosis and related senescence (25). 
ILK also plays an important role in the pathogenesis 
of nephropathy in GMCs and also in podocytes of the 
kidney (26,27). In the present study, EPA and DHA 
decreased the expression of ILK and integrin β1 in 
GMCs stimulated with LPS. This finding confirms the 
assertion that ILK and integrin β1 play a role in lipid-
induced kidney injury. 
 Interestingly, there may be a relationship between 
PPARγ and ILK. A study found that f  ish oil inhibited 
the proliferation of non-small cell lung carcinoma by 
suppressing ILK expression via activation of PPARγ (28). 
 In summary, the present study suggests that EPA and 
DHA are capable of increasing PPARγ expression and 
decreasing ILK and integrin β1 expression in GMCs 
treated with LPS. This study provides novel insights into 
the mechanisms of the renoprotective effects of fi sh oil.

Acknowledgement

This work was supported by a grant from the Shandong 
Provincial Natural Science Foundation (ZR2013HM099), 
China.

References

1. Mason RM, Wahab NA. Extracellular matrix metabolism 
in diabetic nephropathy. J Am Soc Nephrol. 2003; 14:1358-
1373.

2. Fielding AB, Dobreva I, Dedhar S. Beyond focal 
adhesions: Integrin-linked kinase associates with tubulin 
and regulates mitotic spindle organization. Cell Cycle 
(Georgetown, Tex.). 2008; 7:1899-1906.

3. McDonald PC, Fielding AB, Dedhar S. Integrin-linked 
kinase-essential roles in physiology and cancer biology. J 
Cell Sci. 2008; 121:3121-3132.

4. Wu C, Dedhar S. Integrin-linked kinase (ILK) and 
its interactors: A new paradigm for the coupling of 
extracellular matrix to actin cytoskeleton and signaling 
complexes. J Cell Bio. 2001; 155:505-510.

5. Kagami S, Shimizu M, Kondo S, Kitamura A, Urushihara 
M, Takamatsu M, Yamaji S, Ishigatsubo Y, Kawachi H, 
Shimizu F. Up-regulation of integrin-linked kinase activity 
in rat mesangioproliferative glomerulonephritis. Life Sci. 
2006; 78:1794-1800.

6. Madrazo JA, Kelly DP. The PPAR trio: Regulators of 
myocardial energy metabolism in health and disease. J 

Molec and Cellular Cardiol. 2008; 44:968-975.
7. Yang J, Zhou Y, Guan Y. PPARγ as a therapeutic target in 

diabetic nephropathy and other renal diseases. Curr Opin 
Nephrol and Hypertens. 2012; 21:97-105.

8. Sarafidis PA, Bakris GL. Protection of the kidney by 
thiazolidinediones: An assessment from bench to bedside. 
Kidney Intl. 2006; 70:1223-1233.

9. Omernik A. Supplementation of n-3 polyunsaturated fatty 
acids in pulmonary disease. Pol Merkur Lekarski. 2012; 
32:55-58.

10. Harris WS, Miller M, Tighe AP, Davidson MH, Schaefer 
EJ. Omega-3 fatty acids and coronary heart disease risk: 
Clinical and mechanistic perspectives. Atherosclerosis. 
2008; 197:12-24.

11. Moertl D, Hammer A, Steiner S, Hutuleac R, Vonbank 
K, Berger R. Dose-dependent effects of omega-3-
polyunsaturated fatty acids on systolic left ventricular 
function, endothelial function, and markers of inflammation 
in chronic heart failure of nonischemic origin: A double-
blind, placebo-controlled, 3-arm study. Am Heart J. 2011; 
161:915.e911-919.

12. Mizia-Stec K, Haberka M, Mizia M, Chmiel A, Gieszczyk 
K, Lasota B, Janowska J, Zahorska-Markiewicz B, Gasior 
Z. N-3 Polyunsaturated fatty acid therapy improves 
endothelial function and affects adiponectin and resistin 
balance in the first month after myocardial infarction. Arch 
Med Sci. 2011; 7:788-795.

13. Sorice M, Tritto FP, Sordelli C, Gregorio R, Piazza L. N-3 
polyunsaturated fatty acids reduces post-operative atrial 
fibrillation incidence in patients undergoing "on-pump" 
coronary artery bypass graft surgery. Monaldi Arch. Chest 
Dis. 2011; 76:93-98.

14. Lauretani F, Maggio M, Pizzarelli F, Michelassi S, 
Ruggiero C, Ceda GP, Bandinelli S, Ferrucci L. Omega-3 
and renal function in older adults. Curr Pharm Des. 2009; 
15:4149-4156.

15. Fassett RG, Gobe GC, Peake JM, Coombes JS. Omega-3 
polyunsaturated fatty acids in the treatment of kidney 
disease. Am J Kidney Dis. 2010; 56:728-742.

16. Geng WJ, Liu FE, Jiao B, Cheng YN. Effects of EPA and 
DHA on the proliferation and apoptosis of glomerular 
mesangial cells induced by lipopolysaccharide. J Shandong 
Univ (Health Sciences). 2008; 46:57-59.

17. Hu XJ, Geng WJ, Jiao B, Liu FE. Protective effects of EPA 
and DHA on lipopolysaccharide-stimulated rat mesangial 
cells. Chin J Pathophysiol. 2010; 26:513-517.

18. Zhao H, Hu XJ, Liu FE, Cheng YN, Jiao B. Effects of EPA 
and DHA on MMPs, TIMPs and TGF-β1 expression by 
lipopolysaccharide-stimulated rat glomerular mesangial 
cells. Chin J Biochem Pharmaceutics. 2012; 33:221-224.

19. Xiong Z, Huang H, Li J, Guan Y, Wang H. Anti-
inflammatory effect of PPARgamma in cultured human 
mesangial cells. Ren Fail. 2004; 26:497-505.

20. Yuan Y, Zhang A, Huang S, Ding G, Chen R. A PPARγ 
agonist inhibits aldosterone-induced mesangial cell 
proliferation by blocking ROS-dependent EGFR intracellular 
signaling. Am J Physiol Renal Physiol. 2011; 300:F393-402.

21. Li H, Ruan XZ, Powis SH, Fernando R, Mon WY, Wheeler 
DC, Moorhead JF, Varghese Z. EPA and DHA reduce LPS-
induced inflammation responses in HK-2 cells: Evidence 
for a PPAR-γ-dependent mechanism. Kidney Int. 2005; 
67:867-874.

22. Serrano I, McDonald PC, Lock FE, Dedhar S. Role of the 
integrin-linked kinase (ILK)/Rictor complex in TGFβ1-
induced epithelial-mesenchymal transition (EMT). 



www.biosciencetrends.com

BioScience Trends. 2014; 8(2):120-125.125

Oncogene. 2013; 32:50-60.
23. Matsuura S, Kondo S, Suga K, Kinoshita Y, Urushihara 

M, Kagami S. Expression of focal adhesion proteins in 
the developing rat kidney. J Histochem Cytochem. 2011; 
59:864-874.

24. Qin J, Wu C. ILK: A pseudokinase in the center stage of 
cell-matrix adhesion and signaling. Curr Opin Cell Biol. 
2012; 24:607-613.

25. Li Z, Chen X, Xie Y, Shi S, Feng Z, Fu B, Zhang X, Cai 
G, Wu C, Wu D, Gu Y. Expression and significance of 
integrin-linked kinase in cultured cells, normal tissue, and 
diseased tissue of aging rat kidneys. J Gerontol. J Gerontol 
A Biol Sci Med Sci. 2004; 59:984-996.

26. Dai C, Stolz DB, Bastacky SI, St-Arnaud R, Wu C, 

Dedhar S, Liu Y. Essential role of integrin-linked kinase in 
podocyte biology: Bridging the integrin and slit diaphragm 
signaling. J Am Soc of Nephrol. 2006; 17:2164-2175.

27. Han SY, Kang YS, Jee YH, Han KH, Cha DR, Kang SW, 
Han DS. High glucose and angiotensin II increase β1 
integrin and integrin-linked kinase synthesis in cultured 
mouse podocytes. Cell Tissue Res. 2006; 323:321-332.

28. Han S, Sun X, Ritzenthaler JD, Roman J. Fish oil inhibits 
human lung carcinoma cell growth by suppressing integrin-
linked kinase. Molec Cancer Res. 2009; 7:108-117.

 (Received March 10, 2014; Revised April 19, 2014; 
Accepted April 23, 2014)


