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Abstract: Prostate cancer (PCA) is one of the most common types of cancer and can seriously endanger the health 
of older men. Obesity is prevalent all around the world and triggered by lots of factors such as diet, environment 
and fat metabolism disorder can cause many neoplasms, including PCA. Evidence suggests that genetic changes 
increase the risk of PCA and obesity. However, the specific obesity-related genes leading to PCA are unknown. 
Obesity-related genes associated with PCA were identified and analyzed though three public electronic databases: 
Gene Expression Omnibus, The Cancer Genome Atlas, and Chinese Prostate Cancer Genome and Epigenome Atlas. 
The effect of obesity-related genes in PCA were analyzed using clinical data from different databases, while associa-
tions with immune cells were determined by TIMER web tool. The expression and function of obesity-related genes 
were verified using clinical samples from obese patients with PCA and PCA cells. We found that four genes, MSMB, 
BMP5, THBS4, and POPDC3, may lead to PCA occurrence in patients with obesity. In Gene Expression Omnibus da-
tabase, MSMB and BMP5 were downregulated, while THBS4 and POPDC3 were upregulated. This trend was mainly 
preserved in the other electronic databases. We also discovered MSMB and THBS4 can affect PCA progression, 
and all these genes were risk factors for castration-resistant prostate cancer. Moreover, MSMB can impact disease-
free survival status of patients with PCA. These obesity-related genes were also correlated with immune cells and 
immune cell infiltration in PCA. We further uncovered that MSMB was downregulated in clinical PCA and castration-
resistant prostate cancer samples from patients with obesity and MSMB decreased PCA cells proliferation. These 
results indicate that MSMB is essential for PCA development in people with obesity and can be a biomarker for 
predicting PCA occurrence and progression in obese people.
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Introduction

In 2021, prostate cancer (PCA) was the first 
most common cancer diagnosis and the sec-
ond most common cause of cancer-related 
mortality in American men [1]. Today, a similar 
trend is observed in Chinese men since 
increased age and lifestyle changes accelerate 
morbidity and mortality rates of PCA [2]. Thus, 
understanding the factors that promote PCA 
progression is paramount. Although we know 
that many factors contribute to the occurrence 
and development of PCA, including race, envi-
ronment, smoking, and obesity [3], the reasons 
for these factors leading to PCA need more 
study.

The size of a population with obesity increases 
with a rapidly developing society [4]. Since 
1975, excessive body weight has affected more 
than two-thirds of the American population, 
with more than one-third of adults and one-fifth 
of adolescents affected by obesity [5]. Obesity 
is driven by diverse factors, such as diet, envi-
ronment, heredity and fat metabolism disorder 
[6]. It can also cause many other metabolic dys-
functions like hyperglycemia and dyslipidemia, 
raising the risk of numerous neoplasms [7]. In 
the case of PCA, obesity may affect its occur-
rence, development, drug sensitivity, and out-
come [8]. Various underlying factors, including 
heredity and genetic alteration, may contribut-
ed to obese people suffered PCA [9, 10]. 
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Although genetic factors are essential contribu-
tors to PCA from obesity [8], few obesity-related 
genes that cause PCA have been studied. We 
hypothesized that identifying genes associated 
with obesity and PCA would serve as a starting 
point for delineating the underlying mechanism 
that promotes PCA in persons with obesity. 

In this study, we used Gene Expression Omni- 
bus (GEO) database to explore the obesity-
related genes in PCA. We found four obesity-
related genes associated with PCA occurrence: 
microseminoprotein beta (MSMB), bone mor-
phogenetic protein 5 (BMP5), thrombospondin 
4 (THBS4), and popeye domain containing 3 
(POPDC3). We verified their expression in pati- 
ents with PCA using the GSE35988 dataset, 
The Cancer Genome Atlas (TCGA) and the 
Chinese Prostate Cancer Genome and Epige- 
nome Atlas (CPGEA) databases. All these genes 
were decisive for PCA occurrence, while MSMB 
and THBS4 were for PCA progression. Moreover, 
MSMB affects the disease-free survival (DFS) 
of patients with PCA. Finally, MSMB was down-
regulated in obese PCA and castration-resis-
tant prostate cancer (CRPC) patients and 
decreased PCA cells proliferation. Together, our 
study suggests MSMB is a critical gene for PCA 
development in obese people and can be a bio-
marker predicting PCA progression in obese 
patients.

Materials and methods

Data getting and processing

The GSE79021 dataset containing data of PCA 
patients with obesity was retrieved from the 
GEO database (http://www.ncbi.nlm.nih.gov/
geo/) and used to identify obesity-related 
genes in PCA. The patients were assigned into 
a group with obesity whose BMI > 25 which  
can be considered as overweight or the one 
without obesity [11]. Datasets GSE46602 and 
GSE35988 with microarray and clinical data of 
patients with PCA and healthy persons were 
also retrieved to determine PCA-associated 
genes. The microarray and clinical information 
of patients with PCA from TCGA (http://can-
cergenome.nih.gov/) and the CPGEA (http://
www.cpgea.com) databases were downloaded. 
The raw data were processed as reported in 
previous study [12]. The genes with an adjusted 
P-value < 0.05 and |log2FC| > 1 were consid-

ered significant. A Venn diagram was generated 
to recognize the genes associated with obesity 
and PCA. 

Online web tools, pathways and immune infil-
tration analysis

Online web tools UALCAN (http://ualcan.path.
uab.edu/), GEPIA (http://www.gepia.cancer-
pku.cn/), and TIMER (https://cistrome.shin-
yapps.io/timer/) were used in analyzing the 
data form TCGA. DAVID (https://david.ncifcrf.
gov/) was used to find the pathways of obesity-
related genes enriched [13]. The effect of obe-
sity-related genes on immune cell infiltration 
was estimated using TIMER. 

Construction of risk prediction model

Logistic regression was performed to quantify 
the hazard ratios of gene changes leading to 
PCA. A forest plot was built for a graphical rep-
resentation of the hazard ratios, and a nomo-
gram was constructed to predict the risk value 
of the obesity-related genes in causing PCA. A 
forest map was utilized to show the hazard 
ratios more intuitively. 

Survival analysis

Cox proportional hazards and least absolute 
shrinkage and selection operator (LASSO) 
regression models were used to estimate 
whether the obesity-related genes can affect 
the disease-free survival (DFS) of patients with 
PCA. Both models were created with R soft-
ware. The LASSO risk score was calculated as 
follows: risk score = Σjn = 1 Coef j × Xj, where 
Coef j indicates the LASSO-calculated coeffi-
cient, and Xj, mRNA expression of the obesity-
related genes. The effectiveness of the LASSO 
model was assessed with Log (λi). The influence 
of these genes on DFS and overall survival (OS) 
of patients was validated by the GEPIA.

Clinical specimen collection

Clinical PCA and CRPC specimens consisting of 
paired cancerous and para-cancerous normal 
tissues were obtained from the Tongji Hospital, 
School of Medicine, Tongji University. The 
Ethics Committee of Tongji Hospital (SBKT-
2021-220) approved the methods for sample 
collection. All patients donated tissues con-
firmed obesity with a BMI > 25. They were famil-
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iar with the experiments in the study and gave 
written informed consent before sample 
collection.

Cell culture

Two human PCA cell lines were purchased from 
The Cell Bank of Type Culture Collection of  
the Chinese Academy of Sciences (Shanghai, 
China): PC-3 and DU145. They were cultured in 
Roswell Park Memorial Institute (RPMI) 1640 
medium (No. R8758, Merck KGaA, Darmstadt, 
Germany) containing 10% fetal bovine serum 
(No. 10091, Gibco, Waltham, MA, USA) and 
humid environment at 37°C with 5% CO2 and 
95% air.

Cell transfection and cell proliferation

Cell transfection was performed with Lipo- 
fectamine 2000 (No. 11668019, Invitrogen). 
Overexpression plasmids carrying MSMB 
(oeMSMB) and plasmids with blank controls 
(oeControl) were purchased from Youze Bio- 
technology (Hubei, China). Cell proliferation 
ability was checked by Cell Counting Kit-8  
(CCK-8) (Dojindo Laboratories, Japan). The 
experimental procedures were performed as 
described previously [12].

Total RNA extraction and RT-qPCR

Total RNA was extracted from tissues of 
patients with PCA and CRPC using the TRIzol 
reagent (No. T9424, Invitrogen, Carlsbad, CA, 
USA). It was reverse transcribed to cDNA using 
the Advantage RT-for-PCR Kit (No. 639505, 
Takara Bio Inc., Kusatsu, Japan). The cDNA was 
assessed with quantitative PCR with a TB 
Green Premix Ex Taq™ II kit (No. RR420A, Ta- 
kara Bio Inc., Kusatsu, Japan) according to the 
manufacturer’s instructions. Primer sequences 
of MSMB were as follows: forward, 5’-CTTTG- 
CCACCTTCGTGACTTTATGC-3’; reverse, 5’-CTG- 
GGAGCCCTGTGCCTACTAG-3’. GAPDH served as 
endogenous control and the primers of it were: 
forward, 5’-GGAGCGAGATCCCTCCAAAAT-3’; re- 
verse, 5’-GGCTGTTGTCATACTTCTCATGG-3’. The 
2-ΔΔCt method was used to quantify mRNA 
expression.

Antibodies

The primary antibodies were rabbit monoclo- 
nal antibodies against MSMB (No. DF6720, 
Affinity company, Suzhou, China) and GAPDH 

(No. ab9485, Abcam plc, Cambridge, UK). The 
secondary antibody was HRP AffiniPure Goat 
Anti-Rabbit IgG (No. A0216, Beyotime Biotech- 
nology, Inc., Shanghai, China).

Western blotting

Tissues and cells were lysed with RIPA lysis buf-
fer, and the lysates were treated with Dual 
Color Protein Loading Buffer (No. NP0007, 
Thermo Fisher Scientific, Waltham, MA, USA). 
Proteins were resolved with 15% sodium dodec-
yl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to nitrocellulose 
membranes (No. 71078, Merck KGaA, Darm- 
stadt, Germany). Blocking was performed using 
protein-free blocking solution (Thermo Fisher 
Scientific). Overnight incubation at 4°C follo- 
wed using the primary antibodies against 
MSMB (1:500) and GAPDH (1:2000). The mem-
branes were washed 3 times for 10 min in 1x 
TBST. Incubation with the secondary antibody 
(1:1000) was done at room temperature for 1 
h. Finally, target proteins were detected using 
an X-ray film.

Statistical analysis

The gene expression matrix data were analyzed 
using R version 4.0.3 (Institute for Statistics 
and Mathematics, Vienna, Austria) (https://
www.r-project.org). Comparisons between two 
groups were performed using the Wilcoxon 
test; between more than two, with the Kruskal-
Wallis test. Hazard ratios, 95% confidence 
interval (95% CI), and P values were used as 
statistical metrics. Two-tailed P < 0.05 was 
inferred as statistically significant.

Results

Four differently expressed genes found in 
obese PCA patients

First, we tried to find the key genes which can 
lead to PCA occurrence in people with obesity. 
We discovered a data set: GSE79021 that 
entails data of PCA patients with normal weight 
and those with higher weight. We assigned 
these patients into a group with normal weight 
or the other one defined as obesity with a BMI 
> 25. A total of 28 genes exhibited differential 
expression between the two groups, and this 
difference is reflected in the volcano plot 
(Figure 1A). We also identified another data set 
GSE46602, with differently expressed genes 
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between PCA and normal prostate tissues 
(Figure 1B). By comparing the same differently 
expressed genes between GSE79021 and 
GSE46602 datasets, we uncovered four genes 
(MSMB, BMP5, THBS4, and POPDC3) maybe 
important for PCA occurrence in obese people 

(Figure 1C). Among them, MSMB and BMP5 
were downregulated, whereas THBS4 and 
POPDC3 were upregulated in obese PCA 
patients from GSE79021 (Figure 1D). Moreover, 
this expression pattern was also consistent in 
GSE46602, confirming the unique response of 

Figure 1. Four obesity-related genes associated with the occurrence of PCA. A. The differently expressed genes 
from GSE79021 shown in volcan map. B. The differently expressed genes from GSE46602 reflected in volcan map. 
C. Venn map reflected the common genes have different expression between GSE79021 and GSE46602. D. The 
expression of four obesity-related genes in PCA patients with normal and obesity weight from GSE79021 dataset. E. 
The expression of four obesity-related genes in PCA and normal samples from GSE46602 dataset. *represents P < 
0.05, ***represents P < 0.001, ****represents P < 0.0001.
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the genes to PCA occurrence (Figure 1E). We 
also did a pathway enrichment analysis to infer 
the biological functions of the four genes and 
found the naba core matrisome pathway was 
among the most enriched for these genes 
(Supplementary Figure 1).

Obesity-related genes’ expression in PCA form 
different databases

After finding obesity-related genes leading to 
PCA, we verified their expression in other pub-
licly available datasets containing information 
from patients with PCA. We confirmed that 
MSMB and BMP5 are downregulated, but 
THBS4 and POPDC3 are upregulated in tissues 
derived from patients with PCA in the TCGA 
database (Figure 2A). Since the TCGA data-
base mainly consists of data from Western 
patient populations, we also assessed the 
expression of these genes in Chinese patient 
populations from CPGEA database. Among 
these obesity-related genes, POPDC3 was 
unaffected by PCA in Chinese patients, while 
THBS4 was upregulated as in the Western. 
Conversely, MSMB and BMP5 were consistent-
ly downregulated in both patient populations 
(Figure 2B). We looked at another data set 
named GSE35988, with microarray data of  
PCA and normal prostate tissues. Intriguingly, 
POPDC3 was downregulated in PCA tissues 
(Figure 2C). Because methylation levels of 
genes affect their function and are implicated 
in cancer initiation, we further examined wheth-
er the methylation levels of the obesity-related 
genes would change when PCA happened using 
data from the TCGA. Remarkably, methylation 
levels of these genes changed upon PCA occur-
rence (Supplementary Figure 2A-D). Methylation 
levels of MSMB and BMP5 were upregulated 
(Supplementary Figure 2A, 2B), while those  
of THBS4 and POPDC3 were downregulated 
(Supplementary Figure 2C, 2D). These results 
indicate that the identified obesity-related 
genes are essential for PCA occurrence, likely 
instituted by changes in the methylation status 
of genes.

Risk prediction model of obesity-related genes 
in causing PCA

Since the expression of the discovered obesity-
related genes changes with PCA occurrence, 

we guessed that these genes are risk factors 
for PCA. We performed a single-factor logistic 
regression using TCGA data and identified 
THBS4 as a factor associated with a higher risk 
of PCA (Supplementary Figure 3A). However, 
the following multiple-factor logistic regression 
yielded none of the obesity-related genes were 
risk factors for PCA (Supplementary Figure 3B). 
Next, we constructed a nomogram to visualize 
our results. Indeed, it showed that THBS4 has 
the highest risk for PCA (Supplementary Figure 
3C). These results were supported with a cali-
bration curve, which was calculated to vali- 
date the predictive ability of the nomogram 
(Supplementary Figure 3D).

Obesity-related genes affecting PCA progres-
sion

Next, we tried to find whether these obesity-
related genes can affect PCA progression. As 
TNM (tumor, node, metastasis) staging classifi-
cation is widely used to assess PCA severity 
[14], we analyzed the relationship between the 
expression of these genes and different cate-
gories of TNM staging. Because the M category 
(presence of distant metastasis) is rare among 
patients with PCA in TCGA, we did not include it 
in the analysis. Among the four obesity-related 
genes, MSMB influenced the primary tumor  
(T category) and regional lymph node involve-
ment (N category) (Supplementary Figure 4A 
and 4E). By contrast, other genes showed no 
associations with T category except THBS4 
(Supplementary Figure 4B-D). Further, we found 
that THBS4 can also affect the node-metasta-
sis (N) tumor stage (Supplementary Figure 4G). 
However, other genes cannot affect the N  
tumor stage (Supplementary Figure 4F and  
4H). We performed a similar analysis using  
the TNM staging information from Chinese 
patients with PCA using CPGEA data. In these 
patients, MSMB can influence T category, too 
(Supplementary Figure 5A), but other genes  
did not (Supplementary Figure 5B-D). In addi-
tion, none of the four genes can affect the N 
category (Supplementary Figure 5E-H). Finally, 
using data from GSE35988 data set, we found 
that the expression of all these four obesity-
related genes changed when CRPC happened 
(Supplementary Figure 5I-L). These results indi-
cated that some of the obesity-related genes 
can affect PCA progression.



Function of MSMB in obese prostate cancer patients

1587 Am J Cancer Res 2023;13(4):1582-1593

MSMB influences the prognosis of PCA pa-
tients

Further, we suspected whether the identified 
obesity-related genes can influence PCA prog-
nosis. Thus, we used data from the TCGA data-
base and performed cox regression analysis to 
find the function of these genes in affecting 

PCA prognosis. With single- and multi-factor 
Cox regression, we found that the MSMB and T 
category of the TNM staging play a role in DFS 
of patients (Figure 3A, 3B). Furthermore, the 
nomogram also predicted that the expression 
level of MSMB can impact the DFS status of 
PCA (Figure 3C). This finding was validated with 
a calibration curve (Figure 3D). Next, we built a 

Figure 2. The expression of obesity-related genes in PCA form different databases. A. The expression of four obesity-
related genes in PCA from TCGA database. B. The expression of obesity-related genes in PCA from CPGEA database. 
C. The expression of obesity-related genes in PCA from GSE35988 dataset. -represents no statistics difference. 
**represents P < 0.01, ****represents P < 0.0001. 
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Figure 3. Cox regression reflects the risk of obesity-related genes in impacting patients’ DFS. (A) Single-factor cox regression and (B) muti-factor regression reflect 
the role of obesity-related genes in influencing patients’ DFS. (C) Nomogram reflects the function of obesity-related genes in affecting patients’ DFS. (D) Calibration 
curve of nomogram.
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lasso regression model and found the risk level 
of each gene in influencing DFS: risk score = 
(-0.2145* MSMB expression) + (-0.2167* 
BMP5 expression) + (-0.0142* THBS4 expres-
sion) + (-0.311* POPDC3 expression) (Supple- 
mentary Figure 6A). We determined the model 
is effective by calculating Log (λi) (Supplemen- 
tary Figure 6B). We also generated a Kaplan-
Meier curve to estimate whether the four genes 
together can influence the DFS of patients with 
PCA. Indeed, the expression of these four 
genes together impact the DFS (P = 0.0013) 
(Supplementary Figure 6C). Finally, we demon-
strated that our model has high accuracy by 
constructing a time-dependent receiver operat-
ing characteristic (ROC) curve (Supplementary 
Figure 6D). Together, our results indicate that 
obesity-related genes especially MSMB can 
affect PCA prognosis.

MSMB affects survival status of PCA patients

Because obesity-related genes were associat-
ed with PCA occurrence and progression, we 
investigated whether they are also related to 
the survival status of patients with PCA. Thus, 
we analyzed the association of obesity-related 
genes with DFS and OS of patients with PCA 
using GEPIA, an online web tool. Among the 
genes, only MSMB affects patients’ DFS 
(Supplementary Figure 7A), but not others 
(Supplementary Figure 7B-D). However, none  
of genes can influence patients’ OS (Supple- 
mentary Figure 8).

The correlation of obesity-related genes and 
immune cell infiltration in PCA

As obesity can cause immune cell infiltration 
and it may be one of the reasons for PCA occur-
rence [10], we sought to find the association 
between the obesity-related genes and immune 
cells in PCA by TIMER web tool. We analyzed 
the mutations in the genes and found that a 
mutation of BMP5 and POPDC3 can impact  
the infiltration level of immune cell in PCA 
(Supplementary Figure 9). Next, we investigat-
ed the specific correlation of each obesity-relat-
ed genes and immune cells in PCA. We found 
purity and macrophages correlated with MSMB 
(Supplementary Figure 10A), all types of cells 
did with BMP5 and THTB4 (Supplementary 
Figure 10B, 10C). Macrophages, CD4+ T cells, 
and dendritic cells were associated with 
POPDC3 (Supplementary Figure 10D). These 

findings suggest that obesity-related genes 
may lead to PCA by affecting immune cell 
infiltration.

MSMB down expressed in PCA and CRPC 
samples and decreases PCA cells proliferation

Our previous results indicated that MSMB influ-
ences PCA development, prognosis and CRPC 
occurrence. In addition, it is consistently down-
regulated in obese PCA patients, suggesting 
MSMB plays a vital role in obese people suf-
fered PCA. To verify this hypothesis, we collect-
ed 10 clinical samples of PCA and paired para-
cancerous normal tissues from patients with 
obesity. In addition, 6 paired tissues from 
obese CRPC patients were collected, too. The 
mRNA levels of MSMB were downregulated 
after PCA occurrence (Figure 4A), supporting 
our previous results. Moreover, the MSMB pro-
tein expression corresponded with the tran-
script (Figure 4B). The same protein trend was 
also found in CRPC patients, too (Supplementary 
Figure 11A). Then, we tried to confirm whether 
MSMB would decrease when PCA progressed 
into CRPC. We then compared the mRNA 
expression of MSMB between PCA and CRPC 
patients. We found that when patients suffered 
CRPC, the mRNA of MSMB had a lower expres-
sion (Supplementary Figure 11B). Next, we con-
structed plasmids carrying MSMB (oeMSMB) or 
not (oeControl) and transfected them into two 
types of PCA cells: PC-3 and DU145 which had 
been reported that express MSMB [15]. We 
showed that oeMSMB plasmids can elevate 
MSMB protein levels in PC-3 and DU145 cells 
(Figure 4C, 4D). Subsequently, we did a CCK-8 
assay to assess the effect of MSMB on cell pro-
liferation. Remarkably, MSMB decreased the 
proliferation of these two types of PCA cell lines 
(Figure 4E, 4F). This result indicates that MSMB 
can truly impact PCA occurrence and progres-
sion in obese people.

Discussion

The prevalence of people with higher weight 
and obesity has been increasing worldwide 
with the changing environment and food habits 
over the past decades [6, 16]. Obesity is driven 
by lots of factors, such as diet, environment, 
heredity and fat metabolism disorder and can 
lead to many complications by provoking meta-
bolic dysfunction, such as hypertension and 
hyperlipemia [4]. For example, obesity is a risk 
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factor for many chronic diseases, such as car-
diovascular diseases, diabetes, chronic kidney 
disease, and musculoskeletal disorders [17-
20]. Furthermore, obesity is also a risk factor 

for many types of cancer [21] and may cause 
breast and colorectal cancers [22, 23]. In addi-
tion, abundant evidence shows obesity is also a 
risk factor for PCA [8, 24].

Figure 4. MSMB downregulated in obese PCA patients and influence PCA cells proliferation. The mRNA (A) and pro-
tein (B) level of MSMB between PCA tumor tissues and adjacent normal tissues in obese PCA patients. (C, D) The 
protein level of MSMB in two types of PCA cell lines: PC-3 (C) and DU145 (D) after PCA cells transfected by oeMSMB 
plasmids or not. Cell proliferation of PC-3 (E) and DU145 (F) was detected after cells transfected by oeControl and 
oeMSMB plasmids. *represents P < 0.05. **represents P < 0.01. The RT-qPCR and Western blot used GAPDH as 
endogenous control. N: normal tissues, T: tumor tissues. 
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Obesity can affect the periprostatic fat density 
which can increase the likelihood of PCA [25]. 
In addition, adipose tissue and adipokines may 
increase the chances of developing PCA [9]. 
Further, many obesity-induced inflammatory 
factors, such as TNF-α, IL-6, and IL-8, raise the 
risk of PCA [10]. Finally, deregulated insulin and 
the insulin-like growth factor (IGF) axes and a 
compromised adipokine pathway are other bio-
logical mechanisms in PCA initiation from obe-
sity [26]. These all indicate that obesity pro-
motes PCA and it may correlate with genetic 
alteration. However, the specific obesity-related 
genes leading to PCA are unknown. Therefore, 
in this study, we aimed to identify the genes 
that play a part in PCA from obesity.

Using publicly available electronic databases, 
we found that four obesity-related genes 
(MSMB, BMP5, THBS4, and POPDC4) are asso-
ciated with PCA. Among these genes, we found 
MSMB can affect PCA occurrence, develop-
ment, and prognosis. In addition, we also found 
these obesity-related genes were associated 
with various immune cells in PCA, suggesting 
these genes may promote PCA via enhancing 
immune cell infiltration. Finally, we verified the 
expression and function of MSMB in clinical 
obese PCA and CRPC patients and PCA cells. 
We found that MSMB was down expression in 
obese PCA and CRPC patients and it can inhibit 
PCA cells proliferation. All these results proved 
the important role of MSMB for PCA in obese 
people.

MSMB is a crucial prostate-specific protein 
secreted from luminal epithelial cells in the 
prostate [27]. It is a biomarker for PCA diagno-
sis since the levels of MSMB decrease upon 
PCA occurrence [28-30], which our results con-
firm. This gene may also influence PCA progres-
sion [31], consistent with our results, too. In 
addition, a single nucleotide polymorphism in 
the MSMB promoter (rs10993994) can cause 
PCA [32]. Furthermore, MSMB may promote 
PCA initiation via affecting enhancer of zeste 2 
polycomb repressive complex 2 subunit (EZH2) 
expression [15], a gene that catalyzes DNA 
methylation which means that MSMB may 
impact PCA progression by affecting the meth-
ylation level of other genes.

We acknowledge our study has some limita-
tions, although it offers valuable insights. First, 
the obesity-related genes analyzed in our study 

were from a single data set (GSE79021). Thus, 
it may not be comprehensive and lead to bias. 
Second, though we verified the expression of 
MSMB in different databases and clinical  
samples, the number of patients used in the 
study is small. Hence, future studies should 
include more patients to verify our results. 
Finally, we only demonstrated the change in 
MSMB expression after PCA and CRPC occur-
rence. However, how this gene promotes PCA 
requires additional research to elucidate the 
mechanism of PCA in patients with obesity. 
Nonetheless, our study is the first to focus on 
the specific genes which are important for PCA 
in obese people.

Conclusion

In conclusion, we found four genes associated 
with PCA in patients with obesity. One of these 
genes, MSMB, can affect PCA development. It 
can be served as a biomarker for predicting 
PCA occurrence and progression in obese 
people.
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Supplementary Figure 1. The pathways of obesity-related genes enriched.

Supplementary Figure 2. The methylation level of obesity-related genes in PCA (data from TCGA database). (A) 
MSMB (B) BMP5 (C) THBS4 (D) POPDC3.
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Supplementary Figure 3. Logistic regression reflects the risk of obesity-related genes in leading to PCA. (A) Single-factor logistic regression and (B) muti-factor re-
gression reflect the value of obesity-related genes in causing PCA. (C) The nomogram reflects the risk of obesity-related genes in causing PCA. (D) Calibration curve 
of nomogram. Data from TCGA database.
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Supplementary Figure 4. The expression of obesity-related genes in different TNM tumor stage of PCA from TCGA. (A-D) The expression of obesity-related genes 
in different T category (A) MSMB (B) BMP5 (C) THBS4 (D) POPDC3. (E, F) The expression of obesity-related genes in different N category (E) MSMB (F) BMP5 (G) 
THBS4 (H) POPDC3. 
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Supplementary Figure 5. The expression of obesity-related genes in different tumor stage of PCA. (A-D) The expression of obesity-related genes in different T stage 
of Chinese patients (A) MSMB (B) BMP5 (C) THBS4 (D) POPDC3. (E, F) The expression of obesity-related genes in different N stage of Chinese patients (E) MSMB 
(F) BMP5 (G) THBS4 (H) POPDC3. Data from CPGEA database. (I-L) The expression of (I) MSMB (J) BMP5 (K) THBS4 (L) POPDC3 between PCA and CPRC samples 
from GSE35988 data set.

Supplementary Figure 6. Lasso regression reflects the value of obesity-related genes in affecting patients’ prognosis. A. The lasso regression of obesity-related 
genes in affecting PCA patients’ prognosis. B. Coefficient of regression model of Lasso. C. Kaplan-Meier curve reflects obesity-related genes effect on PCA patients’ 
DFS. D. Time-depend ROC curve reflects the accuracy of the lasso regression model.
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Supplementary Figure 7. The expression level of obesity-related genes in affecting PCA patients’ DFS (data from 
GEPIA online webtool). (A) MSMB (B) BMP5 (C) THBS4 (D) POPDC3.
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Supplementary Figure 8. The expression level of obesity-related genes in impacting PCA patients’ OS (data from 
GEPIA online webtool). (A) MSMB (B) BMP5 (C) THBS4 (D) POPDC3.
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Supplementary Figure 9. The mutation types of obesity-related genes in affecting immune cells infiltration in PCA 
(Data from TIMER webtool). (A) MSMB (B) BMP5 (C) THBS4 (D) POPDC3. *represents P < 0.05, **represents P < 
0.01.
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Supplementary Figure 10. The correlation of mRNA level of obesity-related genes and immune cells infiltration in PCA (Data from TIMER webtool). (A) MSMB (B) 
BMP5 (C) THBS4 (D) POPDC3.
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Supplementary Figure 11. MSMB downregulated in obese CRPC tissue samples. A. Compared with normal adjacent 
prostate tissue, the protein level of MSMB down expression in CRPC tumor tissues. B. The mRNA level of MSMB 
lower in CRPC samples than PCA samples. *represents P < 0.05. N: normal tissues, T: tumor tissues.


