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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, 



DPPA reduces osteosarcoma growth

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

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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