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ABSTRACT
It has been reported that phospholipase D1 (PLD1) - a key enzyme involved 

in lipid metabolism - is important for the initiation and progression of various 
human solid cancers; however, its biological significance and regulation in human 
osteosarcomas remain elusive. In this study, We found that PLD1 and Specificity 
Protein 1 (Sp1) expression were elevated in 137 osteosarcoma specimens with 
immunohistochemical staining. Our results showed that both PLD1 and Sp1 were 
expressed at much higher rates in the cancerous tissue compared to adjacent normal 
tissue. A correlation analyze also indicated that PLD1 was significantly associated 
with lactate dehydrogenase expression (p = 0.041) and the Enneking stage (p = 
0.000), while Sp1 was significantly associated with the nuclear grade (p = 0.024). 
Furthermore, survival analyses showed that elevated PLD1 confers a poor prognosis 
on patients with osteosarcomas, acting as an independent prognostic factor. Of note, 
we showed a positive correlation between PLD1 and Sp1 expression in the cancer 
tissues (r = 0.357; p < 0.001). High co-expression of the two molecules results in the 
worst prognosis for the patients, and can also be regarded as independent prognostic 
factor (p = 0.001; HR = 2.71; 95% CI 1.53–4.80).

INTRODUCTION

As the most common primary malignant bone 
tumor in children and adolescents, osteosarcomas arise 
most frequently in the metaphysis of long bones [1]. The 
disease is highly aggressive due to its early metastasis, 
rendering it one of the most lethal cancer types in the 
pediatric age group [2, 3]. Despite the rapid advancement 
of chemotherapy and surgery for osteosarcoma, the overall 
survival for patients with osteosarcoma has reached 
plateau in recent decades [4]; hence, it is of great urgency 
to learn the molecular and cellular mechanisms underlying 
the development of osteosarcomas, so as to reveal a novel 
target to treat the lethal disease. 

A growing body of research has now shown that 
abnormal lipid metabolism is involved in the development 
of many types of cancer [5]. PLD, a ubiquitously expressed 

phospholipid-metabolizing enzyme that functions to 
catalyze the hydrolysis of phosphatidylcholine to generate 
phosphatidic acid and choline, is involved extensively in 
human cancers. The classic isoform of PLD, PLD1, is 
highly expressed in various human tumors, including in 
breast [6] and gastric cancer [7], and was stated to play 
a critical role in tumor progression [8]. Despite these 
advancements, little was known about its expression or 
biological significance in human osteosarcomas.

Sp1, which belongs to the Krüppel-like family of 
transcription factors, is a zinc finger transcription factor 
involved extensively in cell apoptosis and in growth, 
metabolism, and differentiation [9, 10]. In regard to cancer, 
numerous previous studies have shown that Sp1 levels 
were elevated in various types of human cancers, including 
lung [11], colorectal [12], gastric [13] and pancreatic 
ductal adenocarcinoma [14], correlating with aggressive 
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biological activity and poor clinical outcomes [13, 15]. 
Mechanistically, elevated Sp1 levels lead to the expression 
of multiple oncogenic genes, causing progression of the 
cancers. Since PLD1 was also pro-tumoral in various 
cancers, we postulated that these factors were tightly 
correlated in osteosarcomas and function synergistically 
in promoting osteosarcoma initiation and progression. 

In this study, we looked at the expression and 
biological significance of Sp1 and PLD1 in osteosarcomas. 
We found that both factors were elevated in this lethal 
disease. We also showed from a survival analysis and COX 
regression analyze that both factors have a prognostic 
value for osteosarcomas. Furthermore, our results showed 
the two factors were positively correlated, and patients 
with high expression of both exhibited the worst prognosis. 

RESULTS

Clinicopathological characteristics of the 
patients

Among the osteosarcoma patients, 109 were male 
and 28 female, with ages ranging from 13 to 73 years old 
(mean age 20.3 years). The vast majority of tumors were 
located in the metaphysis of the long bones. Specifically, 
there were 85 lesions located in nearby knees, while were 
42 in the humerus and the rest in other bones. 

Elevated PLD1 confers a poor prognosis for 
osteosarcoma

To learn the biological significance of PLD1 in 
osteosarcomas, we initially investigated its expression 
using immunohistochemistry. As shown in Figure 1A, 
PLD1 staining ranged from weak to strong in the 
patients. Statistically, among the 137 primary tumor 

samples, 68% showed positive staining, while 
about 32% showed negative staining. In addition, 
comparison of PLD1 expression between the cancerous 
tissue and adjacent normal tissue indicated that the 
cancerous tissue exhibited higher expression (p < 0.05, 
Table 1, Figure 1B). Additionally, the correlation 
analyze showed that PLD1 expression was positively 
correlated with the LDH (p = 0.041) and Eneeking 
stage (p = 0.000). Finally, a Kaplan–Meier survival 
analyzes indicated that PLD1 confers a poor prognosis 
(Figure 1C) and could be regarded as an independent 
prognostic factor for the patients (Table 2). Taken 
together, these data suggest that PLD1 was pro-tumoral 
in osteosarcomas, making it of great significance 
to reveal the mechanism whereby PLD1 facilitates 
osteosarcoma progression.

Sp1 was elevated in osteosarcoma

Prior studies have shown that the correlated Sp1 
and PLD1 had a synergic effect in promoting pancreatic 
cancer, which indicates that Sp1 may also be elevated 
and have a pro-tumoral function in osteosarcomas. In 
order to test this, we investigated Sp1 expression in 
osteosarcomas using immunohistochemistry. Interestingly, 
we observed that Sp1 expression in osteosarcomas ranged 
from negative to strong (Figure 2A). Meanwhile, we 
also observed a significant difference in Sp1 expression 
between the cancerous tissue and adjacent normal tissue 
(Figure 2B, p < 0.05, Table 1). In addition, we found that 
Sp1 overexpression was correlated with the nuclear grade 
(p = 0.024), but not with other parameters of the patients. 
Unfortunately, the survival analysis showed no biological 
significance between Sp1 expression and the survival of 
patients (Figure 2C). These data indicate that Sp1 was not 
as important in osteosarcomas as expected.

Figure 1: Phospholipase D1 (PLD1) confers a poor prognosis for patients with osteosarcomas. (A) Representative images 
of PLD1 expression in osteosarcomas. (B) PLD1 expression in the cancerous tissue and paired non-cancerous tissue. (C) Overall survival 
curves based on PLD1 expression in osteosarcomas (patient with high expression vs low expression was 76: 61). Bar 200 um.
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Synergic effect of Sp1 and PLD1 in promoting 
osteosarcoma progression

Considering the biological significance of 
PLD1 in osteosarcomas, and the fact that Sp1 could 
transcriptionally activate genes associating with malignant 

phenotypes, we postulated that the two factors were 
positively correlated. To test this theory, we detected Sp1 
and PLD1 expression under the microscope, which were 
found in serial sections of the tissue array where PLD1 
staining was accompanied by Sp1 staining, and vice versa 
(Figure 3A). A Spearman’s rank test was conducted on the 

Table 1: The expression of PLD1 and Sp1 in the cancerous tissues and the adjacent tissues

Number
PLD1 expression

P value
Sp1 expression

P value
Positive Negative Positive Negative

Osteosarcoma 
cancerous tissues 137 76 (55.5%) 61 (44.5%)

p < 0.0001

73 (53.3%) 64 (46.7%)

p < 0.0001Osteosarcoma adjacent 
tissues 137 19 (13.9%) 118 (86.1%) 27 (19.7%) 110 (80.3%)

Table 2: Univariate and multivariate survival analysis of clinic-pathologic variables in osteosarcoma 
patients

Factor
Univariate analysis Multivariate analysis 

HR 95% CI P HR 95% CI P
Gender 
 Male vs. Female 0.61 0.181–2.053 0.425
Age 
 < 20 vs. > 20 0.44 0.174–1.117 0.804
Histologic grade
 Well/moderately
 differentiated vs.
 Poorly differentiated

1.05 0.414–2.666 0.918

LDH (U/L)
 < 600 vs. > 600 0.279 0.109–0.715 0.008* 0.324 0.126–0.836 0.020*

Tumor size 

 < 6 cm vs. > 6 cm 5.61 2.421–13.000  0.000* 4.834  2.005–11.650  0.000*

Primary tumor location

 Femur, fibula and
 tibia vs. Humerus,
 scapula and rib 

0.385 0.166–0.891 0.026*

Eneeking stage
 ≤ II vs. > II 3.985  1.743–9.112  0.001*
 Nuclear grade 
 ≤ II vs. > II 1.699 1.125–2.567 0.012*
PLD1
 Positive vs. Negative 3.671 1.446–9.318  0.006* 3.087  1.204–7.914 0.019*
Sp1
 Positive vs. Negative 2.878 1.134–7.303 0.026*
Sp1/PLD1
 Sp1+/PLD1+ vs. 
 All others 3.522 1.543–8.042  0.003* 3.052 1.304–7.987 0.0023*
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data, showing that PLD1 was positively correlated with 
Sp1 in the patients (r = 0.357; p < 0.001, Figure 3B). More 
importantly, the survival analysis indicated that patients 

with both PLD1 and Sp1 over-expression tended to have 
the worst survival among all the patients (Figure 3C, 3D), 
and that their co-high expression could be treated as an 

Figure 3: Correlated Sp1 and PLD1 confer the worst prognosis for osteosarcoma patients. (A) Representative images 
depicting the positive correlation between PLD1 and Sp1 in the series sections of osteosarcomas. (B) Correlation analysis between PLD1 
and Sp1 in osteosarcomas. (C, D) Overall survival curves based on PLD1, Sp1 and their combined expression in osteosarcoma patients 
(patient with co-high expression of Sp1 and PLD1 vs other patient low expression was 37: 100). Bar 200 um.

Figure 2: Specificity Protein 1 (Sp1) was upregulated in osteosarcomas. (A) Representative images of Sp1 expression in 
osteosarcomas. (B) Sp1 expression in the cancerous tissue and paired non-cancerous tissue. (C) Overall survival curves based on Sp1 
expression in osteosarcomas(patient with high expression vs low expression was 73: 64). Bar 200 um.
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independent prognostic factor for the patients (p = 0.0023; 
HR = 3.052; 95% CI 1.304–7.987). Additionally, the Cox 
regression model showed that LDH expression (p = 0.020; 
HR = 0.324; 95% CI 0.126–0.836) and tumor size 
(p = 0.000; HR = 4.834; 95% CI 2.005–11.650) were also 
independent prognostic factors for the patients (Table 2). 

DISCUSSION

Abnormal metabolism was suggested to play a 
critical role in oncogenesis, tumor progression, and 
metastasis [16]. In this study, we examined the expression 
and prognostic significance of PLD1 - a critical enzyme 
involved in lipid metabolism - in osteosarcomas. Our 
results showed that PLD1 was elevated in the disease 
associated with a poor prognosis. We also revealed that 
PLD1 was positively correlated with Sp1- a factor that was 
also elevated in osteosarcomas. Moreover, we showed that 
co-high expression of both PLD1 and Sp1 conferred the 
worst prognosis for patients, with their high expression 
acting as an independent prognostic factor for the 
patients. Taken together, our data revealed that therapeutic 
inhibition of PLD1, either without or in combination 
with Sp1, could provide an alternative approach for the 
management of osteosarcoma.

Elevated PLD1 has been reported in various 
malignant tumors responsible for angiogenesis, metastasis, 
and invasion, via multiple signal pathways [17, 18]. For 
instance, Chen and colleagues found that angiogenesis and 
metastasis were decreased in mice with decreased PLD1 
expression [17]. It has also been reported that platelet 
derived growth factor (PDGF) increased PLD1, which 
could then facilitate the invasion of breast cancer cells 
[19]. Despite this, no studies have systematically examined 
the expression pattern and prognostic value of PLD1 in 
osteosarcomas. To our best knowledge, our findings 
provide the first evidence that PLD1 is pro-tumoral in 
osteosarcoma and that targeted inhibition of PLD1 could 
represent a novel approach to treatment of the disease. 

Sp1 is a C2H2-type zinc finger-type transcription 
factor which binds the GC-rich sequences of target 
genes. As stated, it was upregulated in various malignant 
tumor cells associated with the malignant phenotype; for 
example, Sp1 was elevated in advanced nasopharyngeal 
carcinoma responsible for proliferation as well as 
clonogenicity [20]. In addition, Hang et al. reported that 
Sp1 could upregulate COX-2 expression, which was 
positively associated with lymph node metastasis in 
pancreatic ductal adenocarcinoma (PDAC), predicting 
a poor prognosis for patients [21]. We have consistently 
shown that Sp1 was elevated in osteosarcomas and was 
associated with the nuclear grade (p = 0.024), but not with 
the survival of the patients. These data might reveal that 
the role of Sp1 in human malignancies was tissue-specific 
in this case. Also, this could attribute to the less sample 
size of our study.

Since Sp1 is transcription factor and transcription 
activation is the primary machinery linking it to other 
factors. In a prior study, Park et al. revealed that Sp1 was 
an essential transcription factor linking PLD1 to matrix 
metalloproteinases-2 (MMP-2), which contributed to the 
invasion of the glioma [22]. At the same time, another 
study found that elevated Sp1 levels increased PLD1 
promoter activity in drosophila SL2 cells [23]. Since our 
study found a positive correlation between Sp1 and PLD1, 
we postulate here that transcription activation might also 
apply to the positive correlation between Sp1 and PLD1 
in osteosarcomas. 

Taken together, our study finds that PLD1 was 
elevated in osteosarcomas, and that its high expression 
was an independent prognostic factor for the disease, 
suggesting that PLD1 can serve as a pro-tumoral factor 
in osteosarcomas. Since PLD1, which was also associated 
with the malignant phenotype of osteosarcomas, was 
positively correlated with Sp1, further studies are required 
to determine the potential role of targeted inhibition of 
PLD1 without/or in combination with Sp1 as an candidate 
therapeutic target in clinics.

MATERIALS AND METHODS 

Patients

A total of 137 patients with a histopathological 
diagnosis of osteosarcoma were enrolled in this study at 
the Second Affiliate Hospital of the University of South 
China (Hengyang, China), between 2010 and 2014. 
Paraffin-embedded cancer specimens for each patient were 
obtained from the pathology department of the Second 
Affiliate Hospital of the University of South China. 
The last follow-up visit was on September 28th, 2016. 
Histological types were defined according to the WHO 
classification and tumor stage was classified using the 
Eneeking staging system [24]. The baseline characteristics 
of patients collected included age, gender, tumor size, 
primary tumor location, nerve invasion, vascular invasion, 
and nuclear grade (Table 3). The hospital ethics committee 
approved the study and each patient provided written, 
informed consent. 

Tissue microarray construction

In brief, core samples were obtained from 
representative regions of each tumor based on hematoxylin 
and eosin staining. Representative tumor regions were 
defined as areas that were at least 75% cancerous cells 
without necrosis. Tissue cylinders (1.5 mm in diameter) 
were then punched from these regions of the block using 
a tissue microarrayer (Gentury, IL, USA) and placed 
into recipient paraffin blocks. Two sets of three paraffin-
embedded tissue microarray (TMA) blocks were made. 
Sections of the resulting TMA blocks were transferred to 
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glass slides. In total, two sets of TMAs, which contained 
137 tumor tissue spots, were used in this study.

Immunohistochemistry

Paraffin tissue sections were de-waxed in xylene and 
re-hydrated via graded alcohols. Endogenous peroxidase 
activity was blocked with 0.3% hydrogen peroxide for 
10 mins, before antigen retrieval was undertaken by setting 
the slides in a 0.01 M citrate buffer (pH 6.0) at 98°C for 
5 min using a microwave oven. The slides were then 
cooled to room temperature and blocked by incubating 

them with normal goat serum at room temperature for 
1 h, followed by incubation at 4°C overnight with the 
primary antibodies (Cell Signaling Technology, Beverly, 
MA, USA). Finally, the sections were incubated with the 
HRP-labeled secondary antibody and visualized using 
diaminobenzidine.

Evaluation of PLD1 and Sp1 staining

Evaluation of the staining in at least five areas was 
performed at 400 × magnification by two independent 
pathologists blind to the clinical information about 

Table 3: Relationship between expression of Sp1, PLD1 and clinicopathlogical parameters in 
osteosarcoma

Factor Number
Sp1

P
PLD1

P
Negative Positive Negative Positive

Gender 
 Male 109 54 (39.4%) 55 (40.1%) 0.191 48 (35.0%) 61 (44.6%) 0.82
 Female 28 10  (7.3%) 18 (13.1%) 13 (9.5%) 15 (11.0%)
Age 
 ≥ 20 75 37 (27.0%) 38 (27.7%) 0.606 34 (24.8%) 41 (29.9%) 0.864
 < 20 62 27 (19.7%) 35 (25.5%) 27 (19.7%) 35 (25.5%)
Histologic grade
 Well 22 10 (7.3%) 12 (8.8%) 0.178 7 (5.1%) 15 (11.0%) 0.418

 Moderately 80 33 (24.1%) 47 (34.3%) 38 (27.7%) 42 (30.7%)

 Poorly 35 21 (15.3%) 14 (10.2%) 16 (11.7%) 19 (13.9%)
LDH (U/L)
 < 300 63 36 (26.3%) 27 (19.7%) 0.041* 29 34 0.783
 300–600 71 28 (20.4%) 43 (31.4%) 31 40
 > 600 3 0 3 (2.2%) 1 2
Tumor size 
 < 3 cm 23 10 (7.3%) 13 (9.5%) 0.187 11 (8.0%) 12 (8.8%) 0.524
 3–6 cm 79 33 (24.1%) 46 (33.6%) 32 (23.4%) 47 (34.3%)
 > 6 cm 35 21 (15.3%) 14 (10.2%) 18 (13.1%) 17 (12.4%)
Tumor location
 Humerus, scapula 49 25 (18.2%) 24 (17.5%) 0.566 21 (15.3%) 28 (20.4%) 0.734
 Femur, fibula and tibia 85 39 (28.5%) 46 (33.6%) 39 (28.5%) 46 (33.6%)
 Rib 3 0 3 (2.2%) 1 (0.7%) 2 (1.5%)
Eneeking stage
 I 48 11 (8.0%) 37 (27.0%) 0.000* 16 (11.7%) 32 (23.4%) 0.059
 II 49 31 (22.6%) 18 (13.1%) 28 (20.4%) 21 (15.3%)
 III 40 22 (16.1%) 18 (13.1%) 17 (12.4%) 23 (16.8%)
Nuclear grade
 I 104 48 (35.0%) 56 (40.9%) 0.717 42 (30.7%) 62 (45.3%) 0.024*
 II 28 14 (10.2%) 14 (10.2%) 18 (13.1%) 10 (7.3%)
 III 5 2 (1.5%) 3 (2.2%) 1 (0.7%) 4 (3.0%)
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the patients. The staining was scored according to the 
intensity and percentage of stained cells. Staining intensity 
was assigned to be 0 (no staining), 1 (weak staining), 2 
(moderate staining), or 3 (strong staining). The staining 
percentage was graded as follows: 0, < 10%; 1, 10–30%; 
2, 31–50%; 3, 51–75%; 4, > 75%. The final scores were 
calculated from the staining intensity × the percentage 
of positive cells. For statistical analyses, a score < 6 was 
regarded as negative, and > 6 as highly positive.

Statistical analysis

Statistical analyses were performed using SPSS 
software (version 21.0; SPSS Inc., Chicago, IL, USA). 
Associations between Sp1 and PLD1 expression levels and 
potential prognostic factors were analyzed using the χ2 test, 
while The Spearman’s rank test was used to evaluate their 
correlation. The Kaplan–Meier survival estimates and log-
rank tests were used to evaluate survival data based on Sp1 
and PLD1 expression. The Cox proportional hazards model 
was used for multivariate analysis of prognostic factors. A 
value of p < 0.05 was considered as statistically significant. 
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