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Abstract: 
Prostate cancer is one of the most common male malignant tumors in Western countries. In the 
United States, there are about 170,000 new cases of prostate cancer in 2019, ranking second only 
to lung cancer.1, 2 In recent years, the incidence of prostate cancer in China is gradually increasing 
occupying the third place among male urogenital malignancies. The metastasis of prostate cancer 
mainly depends on blood vessels and lymphatic vessels, and the late discovery and poor prognosis 
of patients are the main reasons for the high fatality rate.2 Relevant epidemiological studies on 
immigration have found that the incidence of PCa in The Asian population in the United States is 
as high as 77.8 / l0000, which is similar to local residents and significantly higher than that in the 
native population in Asia. This suggests that, in addition to race and family history, different diet and 
lifestyle in China and the West may play an important role in the development and progression of 
PCa.3 Epidemiological studies have shown an association between geographic location and prostate 
cancer risk. In fact, the incidence of prostate cancer in Western men is 15 times higher than in Asian 
men. This suggests that environmental factors or lifestyle, especially diet and nutrition, may play a 
key role in the occurrence and development of prostate cancer.4 To some extent, metabolic syndrome 
reflects the diet and lifestyle of patients and is closely related to the occurrence and development of 
prostate cancer. In addition, Vascular endothelial growth factor (VEGF) as a kind of multi functional 
cytokine works through specific role in endothelial cells.It can promote endothelial cell proliferation, 
migration, and increase Vascular permeability. And VEGF can be induced in the body for blood vessel 
growth, angiogenesis, is closely related to tumorigenesis and metastasis. Numerous recent studies 
have shown that VEGF is closely related to the occurrence and development of prostate cancer and 
metabolic syndrome.5 In this paper, multiple physiological and pathological mechanisms of VEGF 
and metabolic syndrome associated with prostate cancer are reviewed.
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1. Epidemiological characteristics 
of prostate cancer complicated with 
metabolic syndrome 

In 1999, the WHO formally named Metabolic 
Syndrome (MetS) and defined it. Patients 
with metabolic syndrome should meet the 
following three or more conditions:1 (1) 
Central obesity: male waist circumference 
>102cm; female waist circumference > 88cm, 
body mass index (BMI)≥25kg/m2.2 Serum 
triglyceride (TG)>1.7mmol/L;3 High-density 

lipoprotein cholesterol (HDL-C) : male≤1.04mmol 
/L, female ≤1.2mmol/L.4 Blood pressure 
(BP)≥13O/85mmHg.5 Fasting blood glucose (FPG) 
≥6.1Lmmol /L. Metabolic syndrome is associated 
with increased risk and progression of almost all 
cancers, including prostate cancer.6 A study found 
that the onset age of PCa patients with MetS were 
significantly younger than patients with prostate 
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cancer alone,and PSA levels were significantly 
higher than those of patients with prostate 
cancer alone. However, advanced prostate cancer 
is more common in MetS patients.7 Some studies 
have suggested that a single Mets parameter 
is not a determinant of prostate cancer risk, 
and only the combined presence of several 
parameters can increase the risk of prostate 
cancer development.6, 8 Some studies have 
suggested that every parameter of MetS is related 
to prostate cancer: HDL-C, Cholesterolemia and 
obesity are associated with increased prostate 
cancer prevalence.9 Men with a higher BMI have 
an increased risk of prostate cancer, and the onset 
age is earlier and the malignancy is higher.10 Meta 
analysis showed that for every 5 kg/m2 increase 
in BMI of prostate cancer patients, the mortality 
rate was increased by 15%.Mets also affects 
the prognosis of prostate cancer patients. The 
longitudinal population study showed a 2.66-fold 
increased risk of prostate cancer-specific death 
in obese men with elevated C-peptide levels. 
Prostate cancer patients with high BMI and high 
blood sugar have an increased risk of recurrence 
after treatment. In another study, hypertension 
and obesity were identified as independent risk 
factors for recurrence after radical prostate cancer 
surgery. For every 5 kg/m2 increase in BMI, the 
risk of postoperative recurrence is increased by 
21%.
Evidence has shown that parameters of Mets play 
two roles in the occurrence and development of 
prostate cancer. One is to reduce the risk of low-
grade prostate cancer, and the other is to promote 
its development to advanced and invasive 
prostate cancer.11 In one study, patients with 
Mets were more likely to be aggressive than those 
with prostate cancer alone. In addition, the waist 
circumference, fasting glucose, triglycerides, high-
density lipoprotein cholesterol and hypertension 
of high-grade PCa were significantly higher than 
those of low-grade PCa.10

Some previous studies assessing the association 
between MetS and PCa have been contradictory.
Some people found a positive correlation 
between metabolic syndrome and PCa, while 
others showed a negative correlation or no 
correlation.10 This significant difference may be 
due to a number of confounding factors, such as 

the size of the study, different definitions of MetS, 
demographic and anthropometric characteristics, 
etc. For another example, the testosterone and 
PSA levels of obese and diabetic patients are lower 
than those of normal people. Meanwhile, drugs 
such as metformin and statins taken by patients 
with diabetes, obesity and hypertension have 
been proven to reduce the risk of tumor onset 
and death.12 These factors may have contributed 
to the widely divergent findings.
Epidemiological studies have shown that obese 
patients have a high incidence of high-grade 
prostate cancer, a high rate of tumor recurrence, 
and a high likelihood of progression to castration- 
resistant prostate cancer (CRPC).At the same time, 
the study also found that the survival mechanism 
of many tumor cells depends on insulin. A large 
number of adipocytes not only lead to increased 
insulin levels, but also increase ig.F-1, estradiol and 
leptin levels, while adiponectin and testosterone 
levels decrease. The combined action of some 
hormones can promote the proliferation and 
migration of tumor cells and reduce apoptosis.13 
At the same time, hypercholesterolemia can 
promote tumor progression by providing signaling 
pathways, proliferation and metastasis matrix 
for tumor cells.14 Some studies have reported 
that high triglyceride level is an increased risk 
factor for prostate cancer recurrence after radical 
resection, but at the same time, some studies 
have indicated that triglyceride level is negatively 
correlated with the risk of prostate cancer.13

2. Physiological function and characteristics 
of VEGF
VEGF is a pluripotent cytokine that is expressed 
in many normal tissues of humans and animals.
VEGF is secreted by endothelial cells, smooth 
muscle cells and stromal cells. It can be tested 
with different methods like Northren blot, PT- 
PCR, immunohistochemistry and immunofluore 
scence method. VEGF can be produced and 
secreted by epithelial cells and smooth muscle 
cells, and is often at a higher level in tissues 
during the growth and development of blood 
vessels. High expression of VEGF is also seen in 
tumor, fibroma, delayed allergic reaction, hypoxia 
and other pathological conditions. VEGF can 
specifically act on vascular endothelial cells and 
have a variety of physiological functions.
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2.1 Regulation of the physiological functions 
of endothelial cells  
VEGF can stimulate human endothelial cells to 
produce NO, thus relaxing and regulating blood 
vessels and vascular tensioning, in response 
to stimuli such as shear stress and circulatory 
tension.
2.2 Increased vascular permeability
The activity of VEGF is 50, 000 times as much as 
histamine action.It is the most powerful known 
vascular permeability agent.
2.3 Angiogenesis  
VEGF can selectively promote the mitosis of 
endothelial cells in the vascular system, specifically 
acting on smooth muscle cells, fibroblasts and 
epithelial cells to promote their proliferation, 
accelerate the migration of endothelial cells, 
monocytes and osteoblasts, and effectively 
establish collateral circulation to improve tissue 
ischemia.At the same time, VEGF induces 
angiogenesis by increasing vascular permeability 
and changing components of extracellular matrix.
Studies have shown that the proliferation of 
endothelial cells at the site of vascular strain in 
rats is significantly accelerated under the action 
of VEGF, thus accelerating the healing of vascular 
endothelial cells.
3. The relationship between VEGF and 
metabolic syndrome
3.1 VEGF and atherosclerosis in hypertension  
Clinical data and epidemiological studies show 
that the incidence of atherosclerosis in patients 
with hypertension is significantly increased.
Studies have shown that serum VEGF level in 
hypertensive patients with carotid plaque is 
significantly higher than that in hypertensive 
patients without carotid plaque, and serum 
VEGF level is positively correlated with carotid 
intima thickness. Local is chemia and hypoxia in 
atherosclerotic tissues may be the cause of the 
elevated VEGF level.Therefore, the increase of 
serum VEGF becomes one of the predictors of the 
formation of atherosclerotic plaque in patients 
with hypertension.15 At the same time, studies 
have found that serum VEGF level in patients with 
hypertension is positively correlated with systolic 
blood pressure.15 Some scholars believe that the 
increase of serum VEGF level is to maintain the 

normal function of vascular endothelial cells in 
patients with hypertension.It is a compensatory 
response in the organism to accelerate the repair 
of damaged endothelial cells;It has also been 
suggested that VEGF can promote angiogenesis 
in atherosclerosis.16

3.2 VEGF and diabetes  
Studies have shown that the end products of 
ischemia, hypoxia and high glycosylation can 
up-regulate serum VEGF level. The researchers 
found that serum VEGF level of diabetic rats 
is significantly higher than that of normal rats.
Fasting blood glucose is positively correlated with 
serum VEGF level, suggesting that high level of 
VEGF is associated with diabetic hyperglycemia 
and increased degree of peroxide, and plays a 
related role in the pathophysiology of diabetic 
neuropathy.17 In addition, VEGF has been found to 
promote the occurrence of diabetic complications 
such as diabetic nephropathy and diabetic 
retinopathy.18 VEGF plays a role in the progression 
of diabetic nephropathy by changing endothelial 
cell structure and function and increasing 
glomerular capillary permeability. Meanwhile, 
VEGF can promote the formation of new blood 
vessels by acting on vascular endothelial cells 
specifically, thus accelerating the progression of 
diabetic retinopathy.
VEGF can increase the vascular permeability, 
regulate the physiological function of endothelial 
cells,promote the growth and formation of 
endothelial cells and new blood vessels, and play 
a role in the progression of metabolic syndrome 
disease. Meanwhile, to a certain extent, VEGF 
reflects the severity of the disease and the 
therapeutic effect.
4. Relationship between VEGF and prostate 
cancer
There are a variety of potential growth factors in 
prostate tissues, and VEGF is the most important 
pro-angiogenic factor, which is expressed not only 
in normal prostate tissues but also in prostate 
cancer tissues.19 In an experiment with cats, the 
expression of VEGF in prostate cancer tissues 
was significantly decreased after castration.
Studies have found that VEGF can regulate the 
transcription capacity of Bcl-2 mRNA, and then 
regulate P13K/AKT, PKC, mTOR, and other factors, 
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thereby preventing endothelial cell apoptosis.20

Some scholars have found that the high 
expression of VEGF is correlated with the degree 
of differentiation, metastasis and TNM stage. The 
expression of VEGF in clinical staging III+IV was 
obviously higher than that in I+II period. The high 
expression rate of VEGF in the prostate cancer 
group  with bone metastasis was significantly 
higher than that in the group without bone 
metastasis. Studies have found that VEGF in 
prostate cancer patients is highly expressed 
and positively correlated with microvascular 
density, which is closely correlated with tumor 
metastasis.21 The density of microvessels in 
patients with metastasis was significantly higher 
than that in patients without metastasis.One 
study found that new blood vessels were more 
likely to be generated in invasive nerve tissue 
than in uninvasive nerve tissue. Increased blood 
supply promotes further growth and invasion 
of tumor cells along nerves, as well as disease 
progression.22 In a study that analyzed 32 patients 
undergoing radical prostate cancer surgery, 
they concluded that microvascular density 
could predict pathological stage.These studies 
have shown that VEGF can be involved in the 
occurrence and metastasis of prostate cancer by 
promoting the generation of microvessels and 
other complex mechanisms.
4.1 Diagnostic value of VEGF
A study found that the higher the Gleason score 
and clinical stage of prostate cancer patients, 
the higher the expression of VEGF was, which 
was positively correlated.However, there was no 
correlation between VEGF expression and age, 
smoking, bone metastasis, seminal vesicle invasion 
and positive surgical margins.23 In a study, VEGF 
levels in 68 patients with prostate cancer were 
compared before and after radical prostatectomy 
of prostate cancer, and it was found that VEGF 
levels in the blood of patients with prostate cancer 
significantly decreased after radical resection.24 In 
a study of 33 patients with confirmed systemic 
bone metastasis and 33 patients without bone 
metastasis, the researchers found that VEGF > 
9.52 pmol/mL had the best diagnostic efficacy in 
diagnosing the occurrence of bone metastasis of 
prostate cancer.25 Previous studies have shown 
that the strong positive expression rate of VEGF 

in prostate cancer is significantly higher than that 
in BPH, and the strong positive expression rate 
of VEGF in poorly differentiated prostate cancer 
is higher than that in moderately differentiated 
prostate cancer.26 The above studies indicate that 
VEGF has a certain clinical value in the diagnosis 
of prostate cancer.
4.2 Prognostic and therapeutic value of VEGF 
in prostate cancer
VEGF plays a role in the development and 
metastasis of prostate cancer by acting on 
vascular endothelial cells and participating in 
angiogenesis. Many scholars have found that 
VEGF and VEGF expression in prostate cancer 
tissues is closely related to tumor development 
and metastasis, so they believe that VEGF level 
can be used as an indicator of whether the tumor 
has metastasis.The expression of VEGF and its 
receptor in prostate tumor tissue is directly related 
to Gleason score and lymph node metastasis. The 
mechanism is that VEGF-C and VEGF-D stimulate 
mitosis and proliferation of lymphatic endothelial 
cells through the receptor VEGFR-3, promoting 
lymphangiogenesis and thereby promoting 
lymphatic metastasis of the tumor. Serum VEGF 
level of patients with prostate bone metastasis 
was higher than that of patients without 
prostate bone metastasis, and the difference 
was statistically significant.25 Metastatic PCa was 
associated with higher VEGF levels compared 
with localized disease. Anti-VEGF therapy has 
been the target of multiple clinical trials in the 
treatment of male patients with CRPR, and has 
achieved a certain degree of progress.27 Some 
researchers believe that the role of angiogenesis 
in CRPC may be less than that of other cancers, 
so the dual targeting effect of androgen signal 
and VEGF has been explored.28 Denisa Baci et. 
al, found that acetyl-l-carnitine can reduce VEGF 
and have a protective effect on blood vessels in 
prostate cancer.29 At present, bevacizumab, as 
an effective anticancer target drug, has shown 
anti-tumor activity, but it fails to improve the 
overall survival in the treatment of metastatic 
castrated prostate cancer, which may be related 
to the interference effect of VEGF redundancy 
or androgen on the angiogenic pathway.30 These 
findings suggest that VEGF is closely related to 
the progression of prostate cancer and provide 
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evidence for targeted therapy for prostate cancer.
5. Conclusion
To sum up, there are complex pathophysiological 
mechanisms between metabolic syndrome 
and prostate cancer, but so far, epidemiological 
and interventional studies have confirmed 
that metabolic syndrome plays a role in the 
occurrence, development and recurrence of 
prostate cancer.VEGF plays an important role in 
the pathogenesis and progression of prostate 
cancer patients with metabolic syndrome. VEGF 
by acting on vascular endothelial cells, endothelial 
cells growth, increased vascular permeability, 
promote the growth of new, small blood vessels, 
play a role in the occurrence and development of 
the metabolic syndrome, and the change of VEGF 
in a certain extent reflects the progress of the 
metabolic syndrome and the treatment effect. 
Meanwhile, VEGF plays different roles in the 
growth, metastasis and recurrence of prostate 
cancer, which plays a great role in the diagnosis 
and prognosis of prostate cancer. It is necessary 
to further study and clarify the action mechanism 
of VEGF, and actively develop endothelial cell 
protective agents or antagonists, which will 
certainly provide help for the future treatment 
and prognosis of prostate cancer.
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