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1 Introduction
Prostate cancer is the highest incidence of men in the world, 

with about 90 million new cases each year. The incidence of 
prostate cancer is very different around the regions, with the 
highest incidence in western developed countries and the 
lowest in Asian countries (Pernar et al., 2018). Prostate cancer 
mortality is a low risk in screening population. In the United 
States, one of 7 people is diagnosed with prostate cancer in 
his lifetime, and only 1/30 of them die from prostate cancer. 
According to the survey, the 5 year survival rate of patients 
diagnosed with prostate cancer from 2005 to 2011 is 98.9% 
(Brawley, 2012). The low mortality rate of prostate is mainly 
due to slow growth of prostate cancer and early detection of 
prostate-specific antigen (PSA) (Moul et al., 2002). Early radical 
prostatectomy can significantly improve the prognosis of patients 
(Torre et al., 2015). However, in some Asian countries, such as 
China, most of the prostate cancer patients are in the middle 
and late stages of the first diagnosis, and they can only accept 
palliative treatment based on androgen blockade. These patients 
have poor prognosis (Etzioni et al., 2008). The most common 
metastatic sites of prostate cancer are lymph node metastasis and 
bone metastasis. The autopsy report found 80% prostate cancer 
will develop bone metastasis (Huang et al., 2006). The mortality 
of prostate cancer patients with bone metastasis is significantly 

higher than that of patients without bone metastasis. The risk of 
bone metastasis is even greater than that of prostate cancer itself 
(Mundy, 2002). Operating prostate cancer increased the incidence 
of lymph node metastasis to 40% (Swanson et al., 2006). Lymph 
node metastasis significantly affects the prognosis of patients 
with prostate cancer (Arai et al., 1998). When adenocarcinoma 
cells are colonized in the bone marrow, some growth factors are 
produced. These factors stimulate the matrix to produce blood 
vessels, form tumor microenvironment and facilitate the growth 
of tumor cells (Ohta et al., 2002; Hu et al., 2021; Khan et al., 2021; 
Balthazar et al., 2021). Tumor colonization is due to some special 
bone marrow tumor cell factors. For lymph node metastasis 
and metastasis, it is found that the gene expression products of 
bone metastasis and lymphatic metastasis are different. Bone 
metastasis can increase the expression of IBSP (Bone sialoprotein) 
and F13A1 (factor XIII) and reduce EFNA1 (ephrin-A1) and 
ANGPT2 (ephrin-A1) and ANGPT2 than lymph node metastasis. 
The expression of these genes will affect the metastasis of tumor 
cells (Morrissey et al., 2008).

These studies show that the mechanisms of bone and lymph 
node metastases are different. However, the effects of bone and 
lymph node metastasis on the prognosis of patients and gene 
expression are still unknown. In this paper, we aimed to find the 
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In this paper, we aimed to observe the prognosis and gene expression profiles of bone and lymphatic metastases. SEER*Stat 
software was used to collect prognosis analysis. Datasets of gene expression profiles were downloaded from the GEO database. 
GEO2R tool was used to analyze the data to identify the differentially expressed genes (DEGs). Functions of DEGs were 
annotated by KEGG. Protein interaction analysis and hub gene selection were performed using STRING database. The overall 
survival rate (OS) of Lymph node metastasis was better than that of bone metastases. In lymph node metastasis prostate cancer, 
the expression of ZWINT, DNMT3B and RAD54B was higher than that in bone metastasis prostate cancer; the expression of 
HBA2, MS4A4A, COLCE, CCL18, DCN, S100A4, ACP5, ARHGDIA, MEM204, GALR3, CTSZ, and EPHX1 was lower than 
that in bone metastasis prostate cancer. DEGs in bone metastasis prostate cancer were involved in various biological processes, 
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evidence of the prognosis and gene differential expression of the 
bone metastasis and lymph node metastasis of prostate cancer 
from the perspective of large data. We carried out data mining 
analysis through the large data of Surveillance (Epidemiology, 
and End Results, SEER), the database of human tumor related 
gene expression assembler (Gene Expression Omnibus, GEO), 
through the large tumor registration database of the National 
Cancer Institute of the United States. We hope that our study 
will facilitate the accurate clinical treatment.

2 Database and patient selection
2.1 Research object of prognosis analysis

SEER*Stat software was used to collect patients who 
underwent radical prostatectomy and non operative treatment 
from 2004 to 2013 in SEER database. According to the patient’s 
marital status, age, race, T staging and pathological staging were 
grouped by random number table method. They were divided 
into operation bone metastasis group, operation lymph node 
metastasis group, nonoperative bone metastasis group and non-
surgical lymph node metastasis group. A total of 2632 patients 
were included in this study. The shortest follow-up period is 
1 month, the longest is 200 months. Among them, 129 cases had 
surgical bone metastases, with an average age of (62.42 ± 6.82) 
years. Surgical lymph node metastasis in 131 cases, the average 
age of patients was (61.69 ± 7.04) years. Non-operative bone 
metastasis group in 1260 cases, the average age of patients was 
(65.95 ± 9.19) years. Operation alone lymph node metastasis 

group in 1260 cases, the average age of patients was (66.60 ± 8.95) 
years. Patient characteristics are listed in Table 1.

2.2 Research object of gene difference analysis

Gene expression data come from the comprehensive database 
of gene expression (http://www. ncbi. nlm. nih. gov/geo/), the 
material is radical prostatectomies, and separate tumor cells after 
operation. The Agilent 44 K whole human genome expression 
oligo nucleotide microarrays method was sequenced by Agilent 
Technologies. The GEO landing number is GSE74367 (Roudier et al., 
2016). It was submitted by Ilsa Coleman, including 7 patients 
with prostate cancer and 19 patients with lymph node metastasis 
from prostate cancer.

3 Statistical analysis
3.1 Prognostic statistical analysis

The OS was calculated by Kaplan-Meier method, and the 
difference of OS was compared with Log-Rank method. The above 
statistics are analyzed by SPSS18.0 software. Frequency distribution 
of demographic and clinicopathological characteristics across 
metastatic groups were compared using Pearson’ s chisquare tests.

3.2 Differential expression gene analysis

The GEO2R online analysis tool of GEO database was used 
to analyze differentially expressed genes (http://www. ncbi. 

Table 1. Baseline characteristics.

Characteristic
Radical prostatectomy

P
Non-Radical prostatectomy

P
Bone (n = 129) Lymphatic  

(n = 131) Bone (n = 1260) Lymphatic  
(n = 1112)

Mean age (X±s) 62.42 ± 6.82 61.69 ± 7.04 0.401 65.95 ± 9.19 66.60 ± 8.95 0.08
Race, no. (%)
White 97(75.13%) 94(71.76%) 0.746 887(70.40%) 817(73.47%) 0.117
African American 20(15.50%) 25(19.08%) 274(21.75%) 208(18.70%)
Other 12(9.37%) 12(9.16%) 99(7.86%) 87(7.83%)
Marital status, no. (%)
Single/widowed/divorced 23(17.83%) 30(22.90%) 0.547 351(27.86%) 321(28.87%) 0.822
Married 97(75.19%) 94(71.76%) 838(66.51%) 726(65.29%)
Unknown 9(6.98%) 7(5.34%) 71(5.63%) 65 (5.85%)
AJCC T stage, no. (%)
T1c 3(2.33%) 1(0.76%) 0.983 655(51.98%) 538(48.38%) 0.263
T2a 12(9.30%) 12(9.16%) 24(1.90%) 24 (2.16%)
T2b 4(3.10%) 4(3.05%) 32(2.54%) 34 (3.06%)
T2c 48(37.21%) 50(18.17%) 183(14.52%) 176(15.83%)
T3a 34(26.36%) 35(26.72%) 69(5.48%) 67 (6.03%)
T3b 21(16.28%) 22(16.79%) 112 (8.89%) 126 (11.33%)
T4 7(5.42%) 7(5.34%) 185 (14.68%) 147 (13.22%)
pathological staging,no. (%)
Well differentiated 2(1.55%) 1(0.76%) 0.862 0(1.55%) 1(0.76%) 0.724
Moderately differentiated 26(20.16%) 28 (21.37%) 70 (20.16%) 63 (21.37%)
Poorly differentiated 99(76.74%) 101 (77.11%) 1179 (76.74%) 1040 (77.11%)
Undifferentiated 2(1.55%) 1(0.76%) 11(1.55%) 8(0.76%)
EBRT received, no. (%) 0 0 0 0
Beam radiation received, no. (%) 0 0 0 0
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nlm. nih. gov/geo/geo2r/). GEO2R is based on R programming 
language, using R and GEO query and limma package, and t 
test to screen differentially expressed genes (Huber et al., 2015). 
Gene expression profiles have high dimensions (the number of 
genes are very high, usually thousands or even tens of thousands) 
and small sample size, and multiple hypothesis testing (Multiple 
test) control is needed. In this study, multiple hypothesis test 
control uses the false positive rate control method proposed 
by Benjamini and Hochberg (Ge et al., 2009). The screening 
standard of differential genes was P < 0.01, corrected P value 
(adjusted P-value) < 0.01, and gene expression value varied 
(Fold change, FC), which was more than 2. Display through 
thermal imaging method.

The functional annotation and pathway analysis of differentially 
expressed genes are annotated by KEGG (Kanehisa et al., 2010). 
A statistical method of improved Fisher accurate test was used to 
analyze whether the differentially expressed genes appeared on 
a functional node, and a significant association of gene function 
classes or pathways was obtained, and the functional classes 
were output according to their P values. P < 0.05, multiple test 
corrected P value < 0.05, and the number of genes enriched to 
count > 2 was statistically significant. Differentially expressed 
gene core proteins screening and utilizing an interactive gene 
retrieval tool (the Search Tool for the Retrieval of Interacting 
Genes, STRING, http://string-db.org/) protein interaction 
database (Franceschini et al., 2013). The interaction between the 
proteins encoded by differentially expressed genes in the prostate 
cancer tissue was analyzed, and the Protein protein interaction 
(PPI) was constructed. The interaction score combination 
score > 0.4 was the threshold condition for the existence of 
interaction. Import the interactive data from STRING into 
Cytoscape software (Shannon et al., 2003). The size of the gene 
circle represents the impact fraction of the gene, and the size 
of the action is Interaction size that indicates that the protein 
that affects the fraction of the larger fraction is the core protein 
(gene) with important physiological function.

4 Result
4.1 Survival analysis

At 1, 3, 5 years after operation, OS was 92.6%, 88.9%, and 
75.9% in the operation group, and the patients with lymph node 
metastases in the operation group were 97.6%, 94.6%, 92.2%, 
separately. The difference of OS between the two groups was 
statistically significant (P = 0.002), and lymph node metastasis 
OS was better than that of bone metastases (Figure 1). The OS of 
1, 3, and 5 years in non operative group was 83.2%, 50%, 32.4%, 
and the patients with lymph node metastasis in non operative 
group were 94.8%, 78.9%, 63.8%, separately. The difference 
between the two groups of patients with OS was statistically 
significant (P < 0.001), Lymph node metastasis OS is superior 
to bone metastases (Figure 2).

4.2 Differentially expressed genes

Up to 54 genes were differentially expressed in lymph node 
metastasis and bone metastasis prostate cancer, and 160 down 
regulated genes were shown in Figure 3 and Figure 4. The top 

ten up-regulated genes were SCN2A, PEG10, LOC344593, IPW, 
SLC29A4, TGM3, TFRC, APCS, SLC6A17 and SERPINA6. The top 
ten down-regulated genes were PLA2G2A, SPP1, NEFH, CRISP2, 
COL11A1, SCUBE2, ACPT, HBA2, CAMK2N1 and CXCL14.

4.3 Biological function annotation and signal transduction 
analysis of differentially expressed genes

The KEGG functional annotation showed that the genes 
of bone metastases in prostate cancer were up regulated in 
13 Biological process, BP, and ordered by P (Figure 5). It mainly 
involves systemic lupus erythematosus, Huntington’s disease, 
allograft rejection, artine’s disease, reabsorption of water, 
Parkinson’s disease, prion disease, amyotrophic lateral sclerosis, 

Figure 2. Kaplan-Meier graphs of survival in months of patients with 
non-radical prostatectomy.

Figure 1. Kaplan-Meier graphs of survival in months of patients with 
radical prostatectomy.
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adhesion, neurotrophic factor signaling, renal cell carcinoma, 
alanine, and glutamic acid metabolism. There was no significant 
accumulation of genes with differential expression in lymph 
node metastasis.

4.4 Screening of key genes differentially expressed in prostate 
cancer tissures

Lymph node metastasis prostate cancer contrasts with bone 
metastasis prostate cancer differentially expressed genes up to 
54 genes to construct a protein interaction network to remove 
isolated and non interacted protein nodes. Eight proteins have 
interaction relationships. The size of the gene circle represents the 
impact fraction of the gene, the size of which is represented by 
the size of interaction. According to Figure 6, ZWINT, DNMT3B 
and RAD54B play important roles. In the differentially expressed 
genes of bone metastasis and lymph node metastasis, 160 genes 
are down-regulated to construct a protein interaction network, 
removing isolated and non interacted protein nodes, and screening 
out the interaction relationship between the 90 genes encoded 
by the genes. The size of the gene circle represents the impact 
fraction of the gene, and the size of the action is expressed in 
the size of interaction. According to Figure 7, HBA2, MS4A4A, 
COLCE, CCL18, DCN, S100A4, ACP5, ARHGDIA, MEM204, 
GALR3, CTSZ, EPHX1 play important roles.

5 Discussion
Bone is the most common metastatic site of prostate cancer. 

Bone metastasis occurs in 90% of prostate cancer cases (Lu et al., 
2007). About 350000-400000 prostate cancer patients die from 

Figure 3. Up to 54 genes were differentially expressed in lymph node 
metastasis and bone metastasis prostate cancer.

Figure 4. 160 down regulated genes were differentially expressed in 
lymph node metastasis and bone metastasis prostate cancer.
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bone metastases every year (Roodman, 2004). Bone metastases 
lead to serious complications, such as pain, impaired bed mobility, 
pathological fracture, spinal cord compression and hypercalcemia 
(Coleman, 1997). The neoplastic lymphatic vessels and vessels 
are morphological basis for their metastasis, and some data 
indicate that among the confirmed prostate cancer patients, 
the number of lymph node metastases is 41%, of which 70% 
patients died (Stacker et al., 2001). The study of bone metastasis 
related signaling pathway in prostate cancer shows that bone 
metastasis is mainly related to the MET gene and the vascular 
endothelial growth factor (VEGF) pathway (Lee et al., 2014), 
beta 2- adrenoceptor (beta 2-adrenergic receptor, ADRB2) 

signaling pathway (Braadland et al., 2015), androgen receptor 
pathway (Chen et al., 2017) and signaling pathway (Mizutani 
& Pienta, 2008). The genes related to the signaling pathways 
associated with lymph node metastasis in prostate cancer and 
the pathway are VEGF pathway (Hirakawa et al., 2005), ERG 
related fusion gene (Huang et al., 2016a), cathepsin and matrix 
metalloproteinase (MMP) gene (Tian et al., 2014), and so on. 
By comparing the prognosis of simple prostate cancer patients 
with bone metastasis and simple lymph node metastasis, it is 
found that the prognosis of lymph node metastasis of prostate 
cancer is better. The number of differential expressed genes of 
the lymph node metastasis and the bone metastasis was 54, of 

Figure 5. The KEGG functional annotation showed that the genes of bone metastases in prostate cancer.
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which 8 genes were interrelated, and the ZWINT, DNMT3B and 
RAD54B genes were the major up-regulated genes. The number 
of down regulated differential expressed genes was 160, of which 
90 down regulated proteins are interacted. The main differentially 
regulated genes are HBA2, MS4A4A, COLCE, CCL18, DCN, 
S100A4, ACP5, ARHGDIA, MEM204, GALR3, and CTSZ.

Bone metastasis of prostate cancer caused HBA2, MS4A4A, 
COLCE, CCL18, DCN, S100A4, ACP5, ARHGDIA, MEM204, 

GALR3, CTSZ, EPHX1,MYL10, ZNF579 and other genes up 
regulation. It also affects the biological processes related to systemic 
lupus erythematosus, Huntington’s disease, allograft rejection, 
auriculotin’s disease, reabsorption of water, Parkinson’s disease, 
prion disease, amyotrophic lateral sclerosis, adhesion, neurotrophic 
factor signaling, renal cell carcinoma, alanine, and glutamic acid 
metabolism. The effects of these genes on the prognosis of bone 
metastases mainly include enhancing the adhesion and chemotaxis, 
immune correlation and promoting malignant transformation 
of cancer cells. The DCN gene (decorin) significantly increased 
the expression level of E- cadherin and inhibited the migration 
and invasion function of tumor cells (Bi et al., 2012). CCLl8, 
also known as macrophage inflammatory protein-4 (MIP-4), is 
a chemokines, mainly secreted by M2 macrophages, which can 
enhance the invasiveness and metastasis of tumors (Chen et al., 
2011). SlooA4 protein is an important factor which is closely 
related to the invasion and metastasis of malignant tumor, which 
is closely related to the invasion and metastasis of malignant 
tumor. It participates in many physiological processes, such as 
cell adhesion and separation, extracellular matrix reconstruction, 
cell movement, angiogenesis and so on (Mazzucchelli, 2002). 
ARHGDIA gene encodes the Rho GDP dissociation inhibiting 
factor alpha, which inhibits the occurrence of lymph node 
metastasis (Shida et al., 2013). The expression of CTSZ plays an 
important role in the proliferation, invasion and metastasis of 
tumor cells. When the expression of CTSZ gene in the tumor 
cells is increased, the expression of the cell marker (vimentin) 
is increased, the expression of the epidermal cell marker (calcin, 

Figure 6. Differentially up-regulated key genes expressed in prostate 
cancer tissues.

Figure 7. Differentially down-regulated key genes expressed in prostate cancer tissues.
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The protein expressed by Zwint gene is crucial and indispensable 
for mitosis. The lack of checkpoint proteins is mainly located on 
the centromere of chromosomes, and varies with the cell cycle 
(Obuse et al., 2004). Zwint gene is associated with poor prognosis. 
DNA methylation is catalyzed by DNA methyltransferase. 
The family members of this gene include 4 members, DNM 
T1, DNM T2, DNM T3a, and DNM T3b. DNM T1 is the most 
important. It participates in the development and development of 
the tumor (Ying et al., 2018). RAD54B gene plays an important 
role in homologous recombination. It avoids the occurrence of 
gene mutation and may be related to the improvement of tumor 
prognosis (Dodge et al., 2005). The Zwint gene, DNM T gene and 
RAD54B gene affect the process of DNA repair. The expression 
of the three groups of genes in the lymph node metastasis may be 
more important than that in the bone metastasis (Wesoly et al., 
2006). These genes can enhance adhesion and chemotaxis, 
immune correlation and malignant transformation of cancer cells. 
In patients with lymph node metastasis, the genes that prevent 
mutations in bone metastases are up-regulated. These changes 
affect the survival of the two. Our study and previous studies 
show that the mechanisms of bone and lymph node metastases 
are different. The systemic immune effect and the effect on the 
nervous system caused by bone metastasis in prostate cancer 
may play an important role, but there is a lack of research in 
this field. We need to further study it.

6 Conclusion
In conclusion, we used bioinformatics tools to analyze the 

gene expression changes of bone metastasis and lymph node 
metastasis in prostate cancer. From a large sample of survival 
data, we found that the prognosis of patients with lymph node 
metastasis is significantly better than that of patients with bone 
metastases. The main mechanism is that there is a significant 
difference in the pattern of gene expression in the tumor tissue 
of the patients with prostate cancer and lymph node metastasis, 
and the patients with prostate cancer have more adverse gene 
up-regulation than those with lymph node metastasis.
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alpha -catenin) is decreased, and subsequently, promoting the 
invasion of cells and the swelling of the cells (Wang et al., 2011; 
Demirkol et al., 2020; Costa et al., 2020; Mostafa et al., 2021). 
ACP5 gene expressed tartaric acid resistant acid phosphatase 
-5a/b, bone resorption osteoclasts, macrophages and dendritic 
cells can synthesize and secrete TRACP, osteoclasts only secrete 
5b, macrophages and dendritic cells only secrete 5A. Therefore, 
TRACP-5a in blood circulation originates from macrophages 
and dendritic cells, while TRACP-5b originates from osteoclasts 
(Reithmeier, 2017). The above genes are important for the 
metastasis of tumor cells in prostate cancer. Increasing the 
expression of above genes in patients with bone metastasis will 
promote the proliferation and metastasis of tumor cells.

The human microsomal epoxide hydrolase (EPHX1) gene 
located on the autosomal 1q42.1, about 35.48 kb, contains 9 exons 
and 8 introns, encodes microsomal epoxide hydrolase, and its 
third exon (exon 3) has T to C conversion, making EPHX1 113rd 
amino acids from histidine (Tyr) to arginine (His) and fourth exon 
4 (exon 4) occurring A to G conversion makes EPHX1 139 th 
amino acid converted from histidine (His) to arginine (Arg), 
which can increase the susceptibility of urologic malignancies 
(Mittal & Srivastava, 2007). The human tissue kallikrein family is 
a subfamily of serine protease, a substance with serine protease 
activity, which is expressed in steroid hormone tissue or hormone 
dependent tissues, such as the prostate, mammary gland, ovary, 
and testis. Overexpressing KLK12 is related to the malignancy 
of prostate cancer (Lose  et  al., 2013). Estrogen receptor co 
regulation factor proline proline, glutamate, leucine enriched 
protein 1 (Proline, -glutamic acid, -leucine rich protein 1, PELP1) 
increase the transformation potential of c-Src kinase, which can 
enhance estradiol mediated cell migration potential and anchor 
non- dependent growth. PELP1 is higher expressed in higher 
invasive prostate cancer (Yang et al., 2012). HIST1H2AC and 
HIST1H2BC or other histone genes are overexpressed in many 
kinds of tumor resistant cell lines, and overexpressing this gene 
can lead to bad prognosis (Mengual et al., 2006).

MS4A4A maintains the endocytosis of the mast cell receptor 
tyrosine kinase, which is important in the expression of tumor 
immunity (Sanyal et al., 2017; Kofler et al., 2012). TTC1 gene 
can promote the accumulation and phosphorylation of Ras, 
and activate the Ras signaling pathway. It may be directly 
or indirectly affect the activation of T cells and the releasing 
inflammatory mediators, leading to the onset or aggravation of 
immunological diseases such as psoriasis (Huang et al., 2016b). 
The up-regulated genes of bone metastases in prostate cancer 
are co enriched in the immunobiological processes related to 
systemic lupus erythematosus, allograft rejection, amyotrophic 
lateral sclerosis, and adhesion spots, which may be related to 
the poor prognosis caused by tumor immunity involved in bone 
metastasis. The content of GALR3 mRNA in the human frontal, 
temporal, striatum, medulla, cerebellum, and spinal cord is high 
in the human frontal, temporal, striatum, cerebellum and spinal 
cord, and is low in the hippocampus, the amygdala and the 
thalamus, and is associated with a large number of nervous system 
diseases (Wang et al., 1997). It may be related to the biological 
processes associated with Huntington’s chorea, Artus’s disease, 
Parkinson’s disease, and neurotrophic factor signaling pathways.
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