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Dipalmitoylphosphatidic acid reduces osteosarcoma 
growth by activation of AKT signaling pathway
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Abstract: Aim: Osteosarcoma is one of the most common bone tumors. It has high malignant degree and tends to 
occur in adolescents. In this study, we aim to investigate the effects of dipalmitoylphosphatidic acid (DPPA) in osteo-
sarcoma and its underlying mechanism. Methods: BALB/c mice were used for the establishment of osteosarcoma 
model and the KRIB cell line was purchase from America ATCC. 2×105 KRIB cells (10 µl) were injected to tibias of 
BALB/c mice. The osteosarcoma models were successfully established after 8 weeks. When the mice grew up to 
12 weeks, the treatment group were injected intraperitoneally with DPPA. While the control group were injected 
intraperitoneally with saline. Detection of the histological sections to make sure the establishment of osteosarcoma 
models. The mice in treatment and control groups were harvested and tissue samples were taken. The histologi-
cal changes were detected by Hematoxylin and Eosin Staining (H&E staining); the expression of fibronectin was 
detected by immunohistochemistry and western blot was applied to determine the changes in (serine/threonine 
kinase) AKT related pathway. The variation of cell cycles and apoptosis were detected by Flow cytometric assays. 
Results: The osteosarcoma models were successfully established in 48 mice which were separated into two groups: 
the treatment and control group. The two groups were treated with DPPA and saline respectively. The histological 
sections demonstrated severe tissue erosion and increased infiltration of inflammatory cells in the control group, 
however, the inflammatory cells were significantly reduced in the treatment group with DPPA. In addition, compared 
to the control group with increased expression of fibronectin, decreased expression of fibronectin was detected by 
immunohistochemistry in the treatment group (p<0.01 compared with the control group). Flow cytometric assays 
showed that DPPA arrested KRIB cells at the G1 phase and increased the cell number of apoptosis (p<0.05 com-
pared with the control group). And western blot results exhibited a higher p-AKT expression in the treatment group 
(p<0.001 compared with the control group). Furthermore, there was an increased survival rate after DPPA treat-
ment. Conclusion: DPPA reduces osteosarcoma growth by activation of AKT signaling pathway.
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Introduction

Osteosarcoma is characterized by the spindle 
matrix in the osteoid tissue and amputation is 
the main method for osteosarcoma therapy. 
However, the five-year survival rate of osteosar-
coma only has 10% to 20%. Recently, the appli-
cation of neoadjuvant therapy was used, which 
combined chemotherapy with surgery. This no- 
vel method significantly reduced the disability 
rate of patients from 15% to 5% and increased 
the 5-year survival rate to 60%-70% and pro-
longed the survival time [1-3]. Despite the 
favorable results achieved by combination ther-
apy, chemotherapy is still failed to improve out-

comes of osteosarcoma. Therefore, the more 
advanced therapies are urgently needed. In 
recent years, biologic targeted therapy for 
osteosarcoma achieved some promising re- 
sults. Thus, it is interesting to find novel target 
for biologic targeted therapy for osteosarcoma. 

The serine/threonine kinase (Akt), also known 
as Protein Kinase B (PKB), plays an important 
role in cellular signal transduction. It combines 
Phosphatidylinositol-4, 5-bisphosphate 3-kina- 
se (PI3K) forming PI3K/Akt signaling pathway. 
Akt is an important downstream molecule of 
PI3K, playing a key role in the development and 
invasion of multiple cancers. In addition, many 
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researches indicate that dysregulation of the 
PI3K/Akt signaling pathway has relationship 
with a variety of cancers such as lung, breast, 
prostate and bladder cancer.

It has been reported that the phosphorylation 
of the Forkhead Transcription Factor Forkhead 
Like1 (FKHRL1) is directly regulated by the 
PI3K/Akt phosphorylation cascade. It is known 
that FKHRL1 regulates genes promoted cell 
apoptosis and activates caspases through reg-
ulation of Fas and Bcl-2. Dipalmitoyl phospha-
tidic acid (DPPA) is an intermediate produced 
by the hydrolysis of glycerophospholipid by 
phospholipase D. It inhibits angiogenesis and 
plays a key role in regulation of Raf-1 transloca-
tion and activation of mitogen-activated protein 
kinase (MAPK) cascade II and III [4].

Studies have demonstrated that DPPA pro-
motes the penetration of drugs into the cells [5, 
6]. In addition, its metabolite lyso-PA enhances 
the expression of Bcl-2 in the Hela cells [7]. 
However, DPPA has no impact on the expres-
sion of Bcl-2 in osteosarcoma [8], implying that 
DPPA has different regulation effects in the dif-
ferent pathological stages. Besides, it is still 

the treatment group (n=24) were injected 
intraperitoneally with DPPA (0.1 mg/kg) [9] 
every 48 h and lasted for 4 weeks. In the con-
trol group (n=24), mice were injected intraperi-
toneally with saline (0.1 mg/kg) every 48 h and 
lasted for 4 weeks. This study was approv- 
ed by the Institute Research Ethics Committee 
of Tianjin Baodi Hospital.

Cell lines and treaments

Osteosarcoma cell line KRIB was purchased 
from America ATCC. These cells were main-
tained in Dulbecco’s Modified Eagle’s Medium 
(DMEM, GIBCO) supplemented with 10% fetal 
bovine serum (FBS), 100 U/mL penicillin and 
100 μg/mL streptomycin at 37°C in a 5% CO2 
humidified incubator.

Hematoxylin and eosin staining (H&E)

The mice were harvested and tissue samples 
were taken. The tissue samples were pre-treat-
ed and sectioned. Placing the sections on 
slides, stained with hematoxylin and eosin, 
dehydrated and covered. The slides were 
observed under the microscope and pictures 

Figure 1. DPPA attenuates the pathological development of osteosarcoma. 
A: The morphological changes detected by HE staining; B: The cell prolifera-
tion in control and treatment groups. 

unclear the role of DPPA in the 
occurrence and development 
of osteosarcoma. Fibronectin 
distributes on the cell sur-
face, which is a glycoprotein 
with high-molecular weight. It 
promotes cell adhesion and 
acts as a marker for evalua-
tion of damage degree. 

Materials and methods

Establishment of osteosar-
coma model 

BALB/c mice were used for 
the establishment of osteo-
sarcoma model and the KRIB 
cell line was purchase from 
America ATCC. 2×105 KRIB 
cells (10 µl) were injected to 
tibias of BALB/c mice. The 
osteosarcoma models were 
successfully established in 
48 mice after 8 weeks. The 
48 mice were then separated 
into two groups: the treatment 
and control group. When the 
mice grew up to 12 weeks, 
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were chosen in the middle of the visual field, 
then invited three different pathology doctors 
for diagnosis.

Immunohistochemistry

The mice were harvested and tissue samples 
were taken. The tissue samples were pre-treat-
ed and sectioned. The sections were deparaf-
finated and treated with 0.3% H2O2 solution. 
After that, the sections were blocked with  
10% FBS and incubated with primary antibody  
overnight. Washing the sections with PBS, incu-
bated with secondly antibody and then colored 
by DAB solution. Removing the coloring solu-
tion, PBS washed and stained with hematoxy-
lin. The pictures were taken under microscope. 

And the morphological data were handled with 
Image-Pro-Plus6.0.

Western blot

The protein was extracted from tissue using 
commercial kit (Nuclear and Cytoplasmic Pro- 
tein Extraction Kit, Beyotime Biotechnology) 
and protein concentration was measured by 
BCA assay (BCA Protein Assay Kit, Beyotime 
Biotechnology). The protein samples and mark-
er were running on the PAGE gel and then trans-
ferred to the PVDF membrane. Block the mem-
brane with 5% non-fat milk, and wash the 
membrane with Tris Buffered Saline (TBST). 
And the membrane was incubated with primary 
antibody overnight. The primary antibody was 

Figure 2. Expressions of fibro-
nectin in osteosarcoma after 
DPPA treatment for different 
weeks including 16 weeks, 17 
weeks and 18 weeks. A. Im-
munostaining for fibronectin 
in osteosarcoma in mice with 
or without DPPA treatment 
at different time points. B. 
Expressions of fibronectin of 
osteosarcoma in mice with 
or without DPPA treatment. 
**p<0.01 compared with the 
control group.
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diluted into 1:500. After washing the mem-
brane with TBST three times, the membrane 
was incubated with secondary antibody. The 
secondary antibody which is marked with 
appropriate horseradish peroxidase (HRP) was 
diluted into 1:5000. The coloring solution was 
added after washing the membrane with TBST 
three times. Pictures were taken by imaging 
machine.

Flow cytometric assays

KRIB cells were plated at a density of 5×105 
cells/dish in 60-mm dishes and incubated for 
24 hours. Next, the cells were serum-deprived 
for 24 hours, followed by the re-addition of 
DPPA (100 uM) in DPPA group or DMEM in con-
trol group; the cells were then harvested 20 
hours later. The cells were stained using  
BD PharmingenTM PI/RNase staining buffer 
(#550825), and the analysis was conducted 
using a flow cytometer (Becton Dickinson). Cell 
cycle modeling was performed using the Mod- 
fit LT software, version 3.2 (Verity Software 
House). 

Statistical analysis

The data are processed by Graph Pad Prism 
5.0 and the graphic data are dealed with Pro-

Plus6.0. The data are presented as the means 
± standard deviation from at least 3 separate 
experiments. One-way anova was applied for 
multiple groups’ comparison and two groups 
were compared with t-test analyses. And the 
significance level was set at p<0.05. 

Results

DPPA attenuates the development of osteosar-
coma

The histopathological evaluation of tumor tis-
sues showed that treatment with DPPA for four 
weeks showed the darker red in cytoplasm with 
less infiltration of inflammation cells in the 
tumor tissue. In addition, DPPA-treated group 
showed higher numbers of osteofibrous cells 
with better integrity. These results demonstrat-
ed that the DPPA-treated group showed less 
malignant degree when compared that in the 
control group, indicating that the DPPA may 
attenuate the development of osteosarcoma 
(Figure 1A), The Ki67 immunohistochemistry 
staining showed that the control group had  
a higher cell proliferation. However, the cell  
proliferation was attenuated in the DPPA-
treated group, indicating that DPPA could at- 
tenuate the pathological development of os- 
teosarcoma.

Figure 3. The variation of Cell cycles 
and apoptosis after DPPA treatment. 
A and B. A flow cytometric assay was 
used to detect the effect of DPPA on 
the regulation of cell cycle progres-
sion. DPPA arrested KRIB cells at the 
G1 phase. The black and gray are rep-
resented for control and DPPA group, 
respectively. C. The cell numbers of 
apoptosis in control and DPPA group. 
*p<0.05.
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DPPA treatment decreased expression of 
fibronectin 

Fibronectin is responsible for the cell adhesion 
and has a close relationship with cell growth. 
Thus, we further detected the expression of 
fibronectin in the osteosarcoma tumor tissue 
using immunohistochemistry. To monitor dyna- 
mical results, the expression of fibronectin was 
observed at the 16th, 17th, and 18th week, 
respectively. In the control group, higher ex- 
pression of fibronectin was detected. How- 
ever, the DPPA-treated group had lower levels 
of expression of fibronectin. In addition, the 
structures of osteosarcoma were normal in  
the treatment group when compared that in 
the control group. The expression of fibronec- 
tin reflected the structural changes in the ost- 
eosarcoma also proved that the osteosar- 
coma models were successfully established. 
As shown in Figure 2, the immunohistoche- 

group the KRIB cells were arrested in the G1 
phase after treatment of DPPA. At the same 
time, the cells in S phase were reduced. From 
the Figure 3C, it is obvious that the cell number 
of apoptosis in DPPA group were much more, 
compared to control group (p<0.05). These 
data revealed that DPPA suppressed cell cycle 
progression.

DPPA activates the Akt pathway and remits the 
development of osteosarcoma

Fibronectin acts as the adhesion molecule and 
plays an important role in the regulation of cell 
adhesion in the extracellular matrix. Besides, 
the Akt signal pathway also plays an important 
role in the regulation of cell adhesion in the 
extracellular matrix. By extraction of protein 
from the tumor tissue, the levels of Akt and 
p-Akt were further investigated using western 
blotting. As shown in Figure 4, the results sh- 

Figure 4. DPPA activates the Akt pathway 
and attenuates the development of osteo-
sarcoma. A. Immunostaining for p-Akt in 
osteosarcoma in mice from control goup or 
DPPA-treated group. ***p<0.001 compared 
with the control group. B. The western blot-
ting determines expressions of Fn, p-Akt 
and Akt in osteosarcoma in mice from con-
trol group or DPPA-treated group. 

Figure 5. DPPA suppresses the growth of osteosarcoma in tumor-bearing 
mice (A) and prolongs the survival of osteosarcoma in tumor-bearing mice 
(B). **p<0.01 compared with the control group.

mistry results demonstrated 
a statistical difference bet- 
ween DPPA-treated group and 
control group for expression 
of fibronectin (p<0.01 com-
pared with the control group). 

DPPA treatment affected the 
of cell-cycle osteosarcoma 
cells

As shown in Figure 3A and 
3B, compared with control 
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owed that expression of p-Akt in the tumor tis-
sues from 16 weeks old mice was significantly 
increased when compared that in the DPPA-
treated group (p<0.001 compared with the con-
trol group) indicating that DPPA could activate 
the Akt pathway and attenuate the develop-
ment of osteosarcoma.

Increased survival rate after DPPA treatment 

In the present study, we found that DPPA atten-
uates the development of osteosarcoma by 
activation of Akt pathway. However, it is still 
unknown that DPPA treatment could increase 
the survival rate, which we will further investi-
gate. As shown in Figure 5, DPPA treatment sig-
nificantly increased the survival rate in compar-
ison to the control group (p<0.01). 

Discussion

DPPA is an important intermediate in the prog-
ress of metabolism. Recent research demon-
strated that DPPA exhibits significant inhibitory 
effect in tumor proliferation by silencing UspA2 
gene expression in rat. It is known that UspA2 
is an important gene for generation of fibronec-
tin and silencing UspA2 leads to the decrease 
of fibronectin [10-15]. In the present study, we 
infer that DPPA could affect the development  
of osteosarcoma. Therefore, the osteosarcoma 
model was established by using mice. The 
results demonstrated that DPPA attenuated 
the pathological development of osteosarco-
ma, which in turn confirmed our hypothesis. 
However, further studies are still needed to 
investigate the mechanism of DPPA for inhibi-
tion of osteosarcoma development. Resear- 
chers have found that the abnormal expres-
sions of some molecules are one of the main 
reasons leading to infinite osteoblast prolifera-
tion [16]. Besides, in the early stage, the expres-
sions of some molecules were abnormal [17, 
18]. Akt is an important gene and plays a key 
role in the regulation of cell proliferation. It 
inhibits cell proliferation by silencing CDK 
expression. Fibronectin acts as the adhesion 
molecule and plays an important role in cell 
adhesion in extracellular matrix. Additionally, 
Akt signaling pathway significantly affects cell 
adhesion in the extracellular matrix. Some 
studies have demonstrated that fibronectin 
changes the cell polarity and then disturbs 
mitosis by regulation of the Akt signaling path-
way [19]. As shown in Figure 2, fibronectin 

expression was significantly changed after 
DPPA treatment. We infer that DPPA could 
affect Akt signaling and then attenuate the 
pathological progress of osteosarcoma in rats. 
The immunohistochemistry results have sh- 
owed higher expression of fibronectin in the 
control group in comparison to the DPPA tr- 
eatment group. In addition, studies also have 
demonstrated that Akt knock out mice induc- 
ed by agents had no osteoblast proliferation 
[20-22]. 

Therefore, it is important to investigate the 
mechanism related to the osteosarcoma, which 
further contribute to better understanding of 
the occurrence and development of osteosar-
coma. Some studies have found that fibronec-
tin plays a dominant role in the fibrosis and the 
expression of fibronectin is related to fibrosis. 
In the present study, we found that DPPA treat-
ment suppresses the development of osteosar-
coma by decreasing expression of fibronectin 
and activation of Akt signaling pathway. This 
study, for the first time, reveals that DPPA could 
impact the Akt pathway signaling and increase 
the survival rate of mice.

Acknowledgements

The study was supported by the Tianjin 
Municipal Health Bureau fund (2010K203).

Address correspondence to: Yuan Xue, Department 
of Orthopaedic Surgery, Tianjin Medical University 
General Hospital, 154 Anshan Road, Tianjin 
300052, P.R. China. Tel: +86 22 60814688; E-mail: 
yuanx12@sina.com

References

[1] Bielack SS, Carrle D, Hardes J, Schuck A, Pau-
lussen M. Bone tumors in adolescents and 
young adults. Curr Treat Options Oncol 2008; 
9: 67-80.

[2] Bacci G, Rocca M, Salone M, Balladelli A, Fer-
rari S, Palmerini E, Forni C, Briccoli A. High 
grade osteosarcoma of the extremities with 
lung metastases at presentation: treatment 
with neoadjuvant chemotherapy and simulta-
neous resection of primary and metastatic le-
sions. J Surg Oncol 2008; 98: 415-420.

[3] Krishnan K, Khanna C, Helman LJ. The biology 
of metastases in pediatric sarcomas. Cancer J 
2005; 11: 306-13.

[4] Carnero A. The PKB/AKT pathway in cancer. 
Curr Pharm Des 2010; 16: 34-44.

mailto:yuanx12@sina.com


DPPA reduces osteosarcoma growth

633 Int J Clin Exp Med 2018;11(2):627-633

[5] Khvedelidze M, Mdzinarashvili T, Shekiladze E, 
Schneider M, Moersdorf D, Bernhardt I. Struc-
ture of drug delivery DPPA and DPPC lipo-
somes with ligands and their permeability 
through cells. J Liposome Res 2015; 25: 20-
31.

[6] Huxley R, Ansary-Moghaddam A, Berrington de 
González A, Barzi F, Woodward M. Type-II dia-
betes and pancreatic cancer: a meta-analysis 
of 36 studies. Br J Cancer 2005; 92: 2076-
2083.

[7] Choi HJ, Lee JH, Park SY, Cho JH, Han JS. STAT3 
is involved in phosphatidic acid-induced Bcl-2 
expression in HeLa cells. Exp Mol Med 2009; 
41: 94-101.

[8] Oh KJ, Lee SC, Choi HJ, Oh DY, Kim SC, Min do 
S, Kim JM, Lee KS, Han JS. Role of phospholi-
pase D2 in anti-apoptotic signaling through in-
creased expressions of Bcl-2 and Bcl-xL. J Cell 
Biochem 2007; 101: 1409-22.

[9] Mizuno CS, Chittiboyina AG, Kurtz TW, Per-
shadsingh HA, Avery MA. Type 2 diabetes and 
oral antihyperglycemic drugs. Curr Med Chem 
2008; 15: 61-74.

[10] Barilla ML, Carsons SE. Fibronectin fragments 
and their role in inflammatory arthritis. Semin 
Arthritis Rheum 2000; 29: 252-265.

[11] Riddle MC. Oral pharmacologic management 
of type 2 diabetes. Am Fam Physician 1999; 
60: 2613-2620.

[12] Skyler JS. Diabetes mellitus: pathogenesis and 
treatment strategies. J Med Chem 2004; 47: 
4113-4117.

[13] Qi C, Zhou Q, Li B, Yang Y, Cao L, Ye Y, Li J, Ding 
Y, Wang H, Wang J, He X, Zhang Q, Lan T, Lee 
KK, Li W, Song X, Zhou J, Yang X, Wang L. Glipi-
zide, an antidiabetic drug, suppresses tumor 
growth and metastasis by inhibiting angiogen-
esis. Oncotarget 2014; 5: 9966-9979.

[14] Zeng H, Jiang Y, Tang H, Ren Z, Zeng G, Yang Z. 
Abnormal phosphorylation of Tie2/Akt/eNOS 
signaling pathway and decreased number or 
function of circulating endothelial progenitor 
cells in prehypertensive premenopausal wom-
en with diabetes mellitus. BMC Endocr Disord 
2016; 16: 13.

[15] Leidig-Bruckner G, Grobholz S, Bruckner T, 
Scheidt-Nave C, Nawroth P, Schneider JG. Prev-
alence and determinants of osteoporosis in 
patients with type 1 and type 2 diabetes melli-
tus. BMC Endocr Disord 2014; 14: 33.

[16] Adhikari AS, Agarwal N, Wood BM, Porretta C, 
Ruiz B, Pochampally RR, Iwakuma T. CD117 
and Stro-1 identify osteosarcoma tumor-initiat-
ing cells associated with metastasis and drug 
resistance. Cancer Res 2010; 70: 4602-4612.

[17] Mooyaart AL, Valk EJ, van Es LA, Bruijn JA, de 
Heer E, Freedman BI, Dekkers OM, Baelde HJ. 
Genetic associations in diabetic nephropathy: 
a meta-analysis. Diabetologia 2011; 54: 544-
553.

[18] Bourdoulous S, Orend G, MacKenna DA, 
Pasqualini R, Ruoslahti E. Fibronectin matrix 
regulates activation of RHO and CDC42 GT-
Pases and cell cycle progression. J Cell Biol 
1998; 143: 267-276.

[19] Sun P, Yu H, Zhang WQ, Hu M, Lv R. Lentivirus-
mediated siRNA targeting VEGF inhibits gastric 
cancer growth in vivo. Onc Rep 2012; 28: 
1687-1692.

[20] Martins-Neves SR, Lopes ÁO, do Carmo A, Pai-
va AA, Simões PC, Abrunhosa AJ, Gomes CM. 
Therapeutic implications of an enriched can-
cer stem-like cell population in a human osteo-
sarcoma cell line. BMC Cancer 2012; 12: 139.

[21] Venkatadri R, Muni T, Iyer AK, Yakisich JS, Azad 
N. Role of apoptosis-related miRNAs in resve-
ratrol-induced breast cancer cell death. Cell 
Death Dis 2016; 7: e2104.

[22] Vimalraj S, Miranda PJ, Ramyakrishna B, Sel-
vamurugan N. Regulation of breast cancer and 
bone metastasis by microRNAs. Dis Markers 
2013; 35: 369-87.


