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Objective: The aim of the present study was to observe the effect of the stroma proportion in hyperplasia nodules on the clinical 
symptoms of benign prostatic hyperplasia (BPH) patients and to identify the different genes and pathways in prostatic hyperplasia 
nodules between patients with epithelial-dominated hyperplasia (EDH) and stromal-dominated hyperplasia (SDH) nodules.
Methods: Sixty-seven BPH patient samples underwent transurethral resection of the prostate (TURP) were collected and retro-
spectively analyzed. The differences in clinical parameters between the EDH and SDH groups were investigated. Collagen fiber 
percentage was assessed, and the correlation with clinical parameters was evaluated. mRNA sequencing in hyperplasia nodules of 8 
BPH patients was performed, and differentially expressed genes (DEGs) between the EDH and SDH groups were screened. These 
DEGs were analyzed using GO, KEGG and PPI analysis.
Results: The results showed the IPSS was significantly higher in the SDH group than in the EDH group (p < 0.01). The collagen fiber 
percentage of BPH nodules was higher in the SDH group than in the EDH group (p < 0.05), and the collagen fiber percentage was 
positively correlated with the IPSS (r = 0.4058, p = 0.0007). A total of 172 DEGs were obtained, including 63 up-regulated genes and 
109 down-regulated genes. GO and KEGG pathway enrichment analyses showed DEGs were mainly enriched in extracellular matrix 
structural constituents. The top 10 hub genes were associated to the components of extracellular matrix and fibrosis.
Conclusion: These results suggested that the symptoms of BPH patients with SDH nodules may be associated with prostate fibrosis 
and fibrosis may be a significant contributing factor in BPH/LUTS patients with SDH nodules.
Keywords: benign prostate hyperplasia, lower urinary tract symptoms, prostate fibrosis, stroma, pathology

Introduction
Benign prostatic hyperplasia (BPH) is an age-related disease frequently associated with lower urinary tract symptoms (LUTS) that 
involves hyperplasia of epithelial and stromal tissues within the prostate glade. Surgical resection or medical approaches using 
anti-androgens or smooth muscle relaxers have proven effective for BPH patients to improve urinary flow and relieve LUTS.1 

Despite the general effectiveness of current treatment method, a large proportion of patients are still fail to respond to medical 
therapy, unable to withstand surgery for physical reasons, or exhibit good initial responses to drug therapy before subsequent 
disease progression, which suggest other potentially pathobiology processes of prostate might also contribute to the development 
and progression of BPH/LUTS.2 Recently, studies showed that prostate fibrosis was associated with LUTD, and prostate fibrosis 
may be a previously unrecognized biological processes that contributes to BPH/LUTS but remains untargeted in the medical 
management of LUTS.3 Although the basic science research community is aware of the role of fibrosis and its potential as 
a therapeutic target, it is not yet targeted at the clinical level. Fibrosis is characterized with the fibroblasts proliferation and 
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excessive secretion and accumulation of collagen fiber, which add sufficient rigidity to periurethral region and impact urinary 
function. The prostate tissue is composed of acini epithelium and stroma, including fibroblasts and smooth muscle. Histologically, 
BPH is characterized by overgrowth of the epithelium and stroma and is always considered to be a major stromal hyperplasia in 
BPH nodules. Therefore, in theory, the proportion of stroma in hyperplastic nodules may be associated with the development of 
prostate fibrosis and the symptoms of LUTS. To explore this problem, we investigated the proportion of stroma in hyperplastic 
nodules of 67 BPH patients to evaluate the association with the clinical parameters of patients. In addition, we also performed 
mRNA sequencing of prostatic nodules in 8 BPH patients to identify the differentially expressed genes (DEGs) and pathways 
between epithelial-dominated hyperplasia (EDH) and stromal-dominated hyperplasia (SDH) of nodules.

Materials and Methods
Patients and Groups
A total of 67 prostate samples from elderly male BPH patients who failed medical therapy and underwent transurethral resection 
of the prostate (TURP) at Guizhou Provincial People’s Hospital from August 2017 to December 2019 were collected and 
retrospectively analyzed. The age is from to 58 to 89 years, and the average age is 71.28 ± 7.43 years. Each BPH patient who had 
been pathologically proven by pathologist had complete clinical information, including age, prostate volume, preoperative 
international prostate symptom score (IPSS), quality of life score (QOL), maximum urinary flow rate (Qmax) and bladder outlet 
obstruction index (BOOI). These patients were divided into two groups, ie, the epithelial-dominated hyperplasia (EDH) group and 
the stromal-dominated hyperplasia (SDH) group, according to the stroma percentage in hyperplasia nodules. Briefly, the HE- 
stained sections were used for image analysis under the image analysis system, the stroma contours were delineated with the 
cursor, the images were collected and segmented, and the percentage of stroma area was calculated. The stroma percentage of the 
microscopic-field area <50% was defined as EDH, and the stroma percentage of the microscopic-field area ≥50% was defined as 
SDH. Furthermore, 8 prostate samples from elderly male BPH patients who failed medical therapy and underwent TURP at 
Guizhou Provincial People’s Hospital from Nov. 2021 were collected. The age is from to 67 to 77 years, and the average age is 
71.25 ± 4.1 years. Each BPH patient who had been pathologically proven by pathologist and were also divided into the EDH (4 
cases) group and the SDH (4 cases) group. The prostate samples of these 8 cases were collected and performed mRNA 
sequencing.

Ethical Approval
This study was conducted in accordance with the Declaration of Helsinki. Informed consent was obtained from each subject after 
a thorough explanation and all patients signed a written informed consent form prior to study commencement. The experiments 
were approved by the Human Medicine Experimental Ethical of Guizhou University (No. HMEE-GZU-2022-T005).

The Percentage of Collagen Fibers Was Evaluated by Masson’s Trichrome Staining
Masson’s trichrome staining was used to evaluate the percentage of collagen fibers. According to instructions 
(Solarbio, Beijing, CHN), after placing in Weigert’s working hematoxylin for 10 minutes (min), washing with 
distilled water, staining with Masson’s trichrome solution for 10 min, and rinsing in 95% alcohol, dehydrating, 
clearing, coverslipping, we observed the section under light microscopy. Collagen fiber was stained blue, and 
smooth muscle was stained red, respectively. The image analysis system (Image-Pro Plus 6.0) was used to evaluate 
the percentage of collagen fibers and smooth muscle. The collagen fiber (blue) and smooth muscle (red) contours 
were delineated with the cursor, images were collected and segmented, and the collagen fiber percentage and 
smooth muscle percentage of the microscopic-field area were calculated.

mRNA Sequencing of the Prostate and Bioinformatics Analysis
The prostate samples were collected in sterile tubes with TRIzol reagent. Then, the quality of the RNA samples was 
analyzed by an Agilent Bioanalyzer (Agilent), and the cDNA libraries were generated using TruSeq RNA Sample 
Preparation (Illumina). Each library was sequenced using single reads on a HiSeq2000 (Illumina). R software 3.4.0 
(https://www.r-project.org/) was applied to perform to analyze the dataset and search DEGs between EHD and SHD 
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groups. Genes with correcting P < 0.05 and log fold change (FC) >1 were deemed as DEGs. The Gene Ontology (GO), 
including biological process (BP), cellular component (CC), and molecular function (MF), and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment analyses of the DEGs were carried out using DAVID database4 
(https://david.ncifcrf.gov/). A p value <0.05 was specified for statistical significance. Protein–protein interaction (PPI) 
network analysis of DEPs was constructed by the STRING database (http://string-db.org/), and a visualization analysis 
was performed. According to the centrality score, the key nodes in PPI network were determined, and then the top ten 
hub genes were deduced.

Statistical Analysis
Statistical analysis was performed with SPSS software version 20.0 (IBM, NY, USA). Data were expressed as the means 
± standard deviations (SD). Means of two groups were compared by two-tailed Student’s t-test, and correlations were 
evaluated by Spearman correlation analysis. A statistically significant difference was accepted when p < 0.05.

Results
The Difference in BPH Patient Clinical Parameters Between the EDH and SDH 
Groups
We calculated the percentage of stroma area in hyperplasia nodules, and defined 20 cases EDH patients (the stroma 
percentage of the microscopic-field area <50%), and 47 cases SDH patients (the stroma percentage of the microscopic-field 
area ≥50%). In this study, 67 BPH patients had 20 cases of EDH (29.9%) and 47 cases of SDH (70.1%) (Figure 1A). The 
IPSS was significantly higher in the SDH group than in the EDH group (p < 0.01) (Figure 1B). However, there were no 
significant differences in the age, prostate size, QOL, Qmax or BOOI between the EDP and SDP groups (Figure 1C–G). The 
clinical parameters of the BPH patients in the EDP and SDP groups are shown in Table 1.

Figure 1 The clinical parameters in BPH patients in the EDP and SDP groups. (A) Representative images of hyperplasia nodules in BPH patients. HE × 40. (B) The IPSS of 
BPH patients in the EDP and SDP groups. (C) The age of BPH patients in the EDP and SDP groups. (D) The prostate size of BPH patients in the EDP and SDP groups. (E) 
The QOL of BPH patients in the EDP and SDP groups. (F) The Qmax of BPH patients in the EDP and SDP groups. (G) The BOOI of BPH patients in the EDP and SDP 
groups. Values are the mean ± SD. Compared to EDH groups, **p < 0.01. 
Abbreviations: EDH, epithelial-dominated hyperplasia; SDH, stromal-dominated hyperplasia; IPSS, preoperative international prostate symptom score; QOL, quality of life 
score; Qmax, maximum urinary flow rate; BOOI, bladder outlet obstruction index.
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Collagen Fibers Percentage in the EDH and SDH Groups and Correlation Analysis 
with BPH Patient Clinical Parameters
Collagen fiber and smooth muscle in prostatic hyperplasia nodules were stained blue and red by Masson’s trichrome 
staining (Figure 2A), and the percentages of collagen fibers and smooth muscle were evaluated. The data showed that 
collagen fiber percentage in hyperplasia nodules was higher in the SDH group than in the EDH group (p < 0.01) 
(Figure 2B), and the percentages of collagen fibers and smooth muscle were roughly the same (Figure 2C). Furthermore, 
we performed a correlation analysis between the percentage of collagen fibers and the clinical parameters of patients. Our 
results showed that the percentage of collagen fibers was positively correlated with the IPSS (r = 0.4058, p = 0.0007) 
(Figure 2D) but uncorrelated with the age, prostate size, QOL, Qmax and BOOI (Figure 2E–I).

Table 1 Comparison of Clinical Parameters in 67 BPH Patients Between EDH and SDH Groups (mean±SD)

Group n Old (Year) Prostatic Volume Preoperative IPSS QOL Qmax BOOI

EDH 20 72.3±7.19 55.83±21.43 18.75±7.21 4.55±1.05 7.535±4.28 44.47±32.93
SDH 47 70.9±7.57 49.92±28.21 25.06±5.59** 4.55±1.21 6.73±3.34 54.5±33.32

Notes: Values are mean ± SD. Compared to EDH groups, **p<0.01. 
Abbreviations: EDH, epithelial-dominated hyperplasia; SDH, stromal-dominated hyperplasia; IPSS, international prostate symptom score; QOL, quality of life score; 
Qmax, maximum urinary flow rate; BOOI, bladder outlet obstruction index.

Figure 2 The collagen fibers percentage of prostatic hyperplasia nodules in the EDH and SDH groups and correlation analysis with clinical parameters of BPH patients. (A) 
Representative images showing collagen fibers (blue) and smooth muscle (red) of hyperplasia nodules in the EDH and SDH groups. HE × 100, Masson’s trichrome staining × 
100. (B) Collagen fibers percentage of hyperplasia nodules in the EDH and SDH groups. (C) Collagen fibers percentage and smooth muscle of hyperplasia nodules. (D) 
Correlation analysis between collagen fibers percentage and IPSS. (E) Correlation analysis between collagen fibers percentage and age. (F) Correlation analysis between 
collagen fibers percentage and prostate size. (G) Correlation analysis between collagen fibers percentage and QOL. (H) Correlation analysis between collagen fibers 
percentage and Qmax. (I) Correlation analysis between collagen fibers percentage and BOOI. Values are the mean ± SD. Compared to EDH group, ** p < 0.01.
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The Transcriptomic Changes in the Prostate of BPH Patients Between the EDH and 
SDH Groups by RNA-Seq Analysis
To investigate the different genes between the EDH and SDH groups, we performed mRNA sequencing on hyperplasia 
nodules of 8 BPH patients (4 cases of EDH and 4 cases of SDH).

Figure 3 (the volcano map) shows that 172 DEGs (63 upregulated genes and 109 downregulated genes) were obtained 
in the SDH group compared to the EDH group (Table 2). Figure 4 shows the statistical results of GO enrichment analysis. 
In BP category, the enriched DEGs were related to immune response, immune system process, G-protein-coupled 
receptor signaling pathway, antigen processing and presentation, and other functions. In CC category, DEGs were 
concentrated in the processes of collagen trimer, extracellular region, extracellular region part, extracellular matrix, 
proteinaceous extracellular matrix, Golgi apparatus, and other CCs. In MF category, DEGs were mainly enriched in 
extracellular matrix structural constituent, chemokine activity, chemokine receptor binding, G protein-coupled receptor 
binding, and other MFs. KEGG enrichment analyses revealed that the DEGs were enriched in pathways associated with 
protein digestion and absorption, ECM-receptor interaction, renin-angiotensin system, human papillomavirus infection, 
neuroactive ligand‒receptor interaction, focal adhesion, NF-κB signaling pathway, and other signaling pathways 
(Figure 5). The proteins expressed of 172 DEGs were analyzed in the PPI network, Figure 6A shows the PPI network 
formed by them. Then, we ranked the top 10 hub genes including COL1A1, COL1A2, COL3A1, POSTN, SPARC, 
COL5A1, COL6A2, TGFβ1, COL5A2, and VIM by combination with PPI network results and CytoHubba, which are 
shown in Figure 6B and Table 3.

Figure 3 Volcano map of all DEGs between EDH and SDH groups. The red points represent up-regulated genes, the green points represent down-regulated genes, and the 
blue points represent no significant difference genes screened on the basis of |FC| > 2.0 and a corrected P-value of <0.05.
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Discussion
Currently, a growing number of researchers emphasize that BPH histological diagnosis is not only “BPH” but also the 
proportion and composition of hyperplastic nodules, which might influence LUTS and clinicians’ management of 
patients.4,5 Studies have demonstrated that obstructive symptoms of BPH patients are not necessarily related to prostate 
size but are correlated with the proportion and composition of its volume occupied by stromal tissue.6,7 Some patients 
showed a small prostate size, predominance of fibromuscular stroma nodules and obvious urination disorders. However, 
another patient showed a large prostate size, primarily epithelial nodules and relatively mild urination symptoms.8,9 The 
prostate is composed of acinar epithelial tissues and supporting stromal tissues. Histopathologically, hyperplastic nodules 
of BPH are composed of different proportions of stroma and epithelium tissue and primarily of stroma.5 In the present 
study, 67 BPH patients were retrospectively analyzed and divided into EDH and SDH groups according to the stroma 
percentage in hyperplasia nodules. There were 20 cases of EDH (29.9%) and 47 cases of SDH (70.1%), which also 
supported BPH as primarily stromal hyperplasia. At present, it is thought that the stroma in BPH nodules may play a key 
role in LUTS. Studies by Shapiro et al showed that the average ratio of stroma to epithelium is 2.7 in asymptomatic 
hyperplasia, whereas the ratio is 4.6 in patients of obstruction, suggesting that the stroma may make a significant 
contribution to BPH/LUTS.8 In this study, we investigated the patients’ clinical parameters between the EDH and SDH 
groups and found significant differences in the IPSS, which is always used to assess male LUTS. Our data showed that 
the patients in the SDH group had a higher IPSS than those in the EDH group, which suggested that the patients with 
predominant stromal hyperplasia had more severe clinical obstructive symptoms and that the stroma in BPH nodules may 
play a significant role in contributing to LUTS, consistent with Shapiro et al’s studies.8 However, our data did not show 
a significant difference in age, prostate size, QOL, Qmax or BOOI between these two groups. The QOL category indicates 
the general level of unhappiness and bother. Although useful, it is now thought that using QOL scores to gauge BPH/ 
LUTS extent might be a subjective and inaccurate approach. The conscious symptoms of urinary tract obstruction (IPSS) 
and objective indications (Qmax) are often inconsistent. IPSS is influenced by the patient’s subjective factors, while Qmax 

is influenced by the urine volume and the temporary physical factors. BOOI, as calculated by the results of the 
urodynamic examination, may help to determine the presence or absence of BOO. Our data showed that Qmax was 
slightly low and BOOI was slightly high in patients in the SDH group compared to patients in the EDH group, indicating 
the presence of bladder outlet obstruction in these two types. The symptoms of LUTS and BOO were more severe in the 
SDH group. However, there were no statistical differences in QOL, Qmax, BOOI or prostate size between the two types, 
and we speculate that these differences are related to the less number of cases in our study.

Table 2 The Up-Regulated and Down-Regulated DEGs in SDH Groups Compared to EDH Groups Were 
Screened by Integrated Microarray

DEGs Gene Names

Up-regulated HLA-C IGLV9-49 IGHV7-4-1 COL10A1 CST1 MICA CCL13 IGLV3-25 AKR1B10 

FABP4 CMA1 CTSG TNFAIP6 NNMT COMP NPFFR2 APOLD1 CXCL14 IL1R2 

ADAMTS16 HBA2 ALKAL2 CDR2 CMTM2 PTGER1 RNASE1 POSTN COL1A1 
PEAK3 PTGFR COL3A1 CCL21 SSTR2 KCNE4 RPL29P11 COL1A2 PDPN 

NFATC4 C1QL1 CHSY3 TPPP3 TPSAB1 RELL1 ITGA11 CCDC184 NDUFA4L2 

G0S2 REM1 CPA3 SPARC A2M IFITM2 TGFBI PLEKHA4 COL5A2 VIM 
COL6A2 F3 KLF2 COL5A1 FAM89A

Down-regulated SPAG6 CCKBR LRP2 HMGA1P2 NLRP9 ATP6V0A4 ATP6V0D2 LRRC9 LINC00964 STPG3- 

AS1 HSPA2-AS1 SV2B CYP4F8 ARHGAP8 TRGV9 BEND4 GOLGA8R POLR2J3 TDRD5 

LINC00930 DPP4-DT SORD SLC26A5 MUC20P1 AP1G2-AS1 LINC01748 Y_RNA EXTL3- 
AS1 PLEKHH1 CASKIN1 HRAT92 ARHGAP40 DLX6-AS1 JMJD7-PLA2G4B LINC00960 

MASP2 MIR29B2CHG SLC16A8 LINC00339 MIR205HG P2RY1 STAG3L5P FHDC1 TC2N 

CBR3-AS1 FYB2 BAIAP3 SCART1 
PASK TFCP2L1 LINC00958 SNX15 PLCH2 CICP14 MIR600HG ZNF587 ZNF525 - 

ZNF229 SLC22A5
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Prostate stroma mainly comprises smooth muscle cells (SMCs) and fibroblasts.10 Previous research has suggested that 
in the pathomorphogenesis of hyperplasia, the role of the stroma, mainly of the activated smooth muscle cells, is more 
important. Under the effect of noradrenergic sympathetic nerves SMC can constrict the urethra, which is considered to be 
the main cause of LUTS, and this also is the rationale for using α-1 blockers to relieve obstructive symptoms of 
patients.11 In recent years, people have come to recognize that prostate fibrosis other than androgen-mediated prolifera-
tion and smooth muscle dysfunction might thus contribute to the progression of BPH/LUTD in some patients. Prostate 
fibrosis is characterized by an increase in fibroblasts, excessive collagen deposition and alterations in ECM remodeling.3 

Prostate collagen deposition is significantly associated with LUTS, and the occurrence of LUTS may be partially 
secondary to lower urinary tract fibrosis due to ECM deposition and increased tissue stiffness.12,13 In addition, one 
proposed reason for BPH treatment failure with a-blockers or 5a-RIs is collagen deposition within regions of the prostate 
as a result of fibrosis.3,12,13 In this study, we assessed the proportion of collagen fibers and smooth muscle in BPH 
nodules using Masson’s trichrome staining and found that the proportions of collagen fibers and smooth muscle were 
approximately equal. Robert et al14 and Shapiro et al15 also showed that stroma comprises an equal proportion of 
fibroblasts and smooth muscle elements using immunohistochemistry and computerized image analysis. Furthermore, our 
results showed that the proportion of collagen fibers was increased in BPH nodules of the SDH group compared to the 
EDH group, and the proportion of collagen fibers was positively correlated with the IPSS. Previous studies by Ma et al12 

and Francesco et al16 also demonstrated that collagen content was positively correlated with the IPSS. Therefore, we 
suggest that fibroblasts, which secrete collagen fibers and have half the proportion of stromal components in BPH 

Figure 4 GO enrichment analysis of DEGs on the −log10 (P-value). BP for red bar, CC for green bar and MF for blue bar.
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nodules, also play an important role in contributing to LUTS. All these results implied that collagen fiber excessive 
deposition into the ECM and hence fibrosis may contribute to clinical symptom in some BPH patients. Anti-fibrotic 
therapeutics might provide a new treatment strategy for men with LUTD who do not respond to conventional medical 
treatment approaches.

To identify the altered gene levels in hyperplastic prostate tissue of BPH patients between the SDH and EDH groups, 
mRNA sequencing in prostate hyperplasia of 8 patients was performed. A total of 172 DEGs were found, including 63 
upregulated and 109 downregulated genes in the SDH group compared to the EDH group. Among these DEGs, we 
observed a list of fibrosis-related and profibrotic genes with significantly increased mRNA expression and potential 
implications in maintaining the chronic fibrotic process in the SDH group compared to the EDH group. These genes 
encode collagens (COL10A1, COL1A1, COL3A1, COL1A2, COL5A2, COL6A2 and COL5A1), cytokines and chemo-
kines (CCL13, CCL21, CXCL14), and growth factors (TGFβ1). Collagen is one of the most important ECM components 
responsible for the structural integrity of the extracellular matrix, tissues, and organs.17,18 However, collagen fiber 
excessive accumulation has been shown to be detrimental in lots of other disease states,19–21 and prostate fibrosis is 
usually accompanied by an increased collagen content in prostate tissue. The upregulation of collagen genes in the SDH 
group indicated that there was more collagen deposition into the ECM, which contributed to the symptomology of these 
patients. Inflammation is one major factor associated with the development of BPH. Acute and chronic inflammation are 
implicated in BPH pathogenesis by the increased presence of inflammatory infiltrates and elevated cytokines and 
chemokines,22–24 and chronic inflammation has been associated with the subsequent development of tissue fibrosis. CCL- 
type chemokines are secreted glycoproteins. CCL upregulated levels might signify the presence of massive T-lymphocyte 
populations in prostate tissue, in turn, promote prostate fibrosis.25 CXC-type chemokine is of secreted protein family that 

Figure 5 KEGG signal pathway enrichment analysis of DEGs on the −log10(P-value).
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mediate myofibroblast phenoconversion and ECM deposition and may thereby promote fibrotic changes in prostate tissue 
architecture associated with the development and progression of male lower urinary tract dysfunction. Men with 
moderate/severe LUTS expressed outstanding higher levels of CXCR4, the receptor for CXCL12 in periurethral tissues 
from the prostates than men without LUTS.26 Transforming growth factor β (TGFβ) is a multifunctional cytokine with 
extensive regulatory activities, and it is known to play an important role in fibrosis disease.27,28 TGFβ has five isoforms, 
and TGFβ1 is the most active and the most widely distributed. TGFβ1 might promote fibrosis by a variety of ways, 

Figure 6 PPI network of identified DEGs constructed using Cytoscape software. (A) PPI network. Genes, the interaction of proteins between genes were represented with 
circles and lines. According to the degree of interaction, the size and color of the nodes were determined corresponding to each gene. (B) The interaction network of top 
10 hub genes.

Table 3 Top 10 Hub Genes in PPI 
Network Ranked

Rank Name Score

1 COL1A1 11,017.0

2 COL1A2 11,016.0

2 COL3A1 11,016.0

4 POSTN 10827.0

5 SPARC 10800.0

6 COL5A1 10,200.0

7 COL6A2 10,104.0

8 TGFβ1 5760.0

9 COL5A2 5160.0

10 VIM 720.0
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including driving phenoconversion of fibroblast to myofibroblast, ECM deposition, and epithelial-mesenchymal transi-
tion (EMT).29,30 In addition, our data also showed that vimentin (VIM), a marker of stromal cells, was also increased, 
indicating the expansion of the stromal compartment. GO enrichment analysis of DEGs, we found that these genes were 
mainly enriched in ECM structural constituent, extracellular region, extracellular region part, collagen trimer, immune 
response, immune system process, chemokine activity and receptor binding. KEGG enrichment analyses revealed that the 
DEGs were enriched in pathways associated with protein digestion and absorption, ECM-receptor interaction, and the 
NF-κB signaling pathway. Next, cytoHubba of Cytoscape was used to build the PPI network and determine the top 10 
hub genes: COL1A1, COL1A2, COL3A1, POSTN, SPARC, COL5A1, COL6A2, TGFβ1, COL5A2, and VIM. The top 
10 hub genes were mostly related to the ECM, and 6 of them were associated to collagen. Overall, the mRNA sequencing 
and bioinformatics analysis results may provide a comprehensive indication that the upregulated fibrosis-related and 
profibrotic gene expression was responsible for the symptoms of BPH patients with SDH.

Conclusions
In conclusion, despite our sample size was small, our data also suggested that the symptoms of BPH patients with SDH 
nodules may be associated with prostate fibrosis. Although stromal fibrosis is not an unrecognized contributor. It is not 
currently a therapeutic target, but people realized the role of prostate fibrosis in BPH/LUTS development and progres-
sion. However, our study has the limitation that we only compared two types of BPH and thus cannot say what genes are 
increased in BPH vs non-BPH tissues. We will explore the problem in our future studies.
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