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Abstract
Objective: Chronic nonbacterial prostatitis (CNP) has remained one of the most prevalent urological
diseases, particularly in older men. Dihydroartemisinin (DHA) has been identi�ed as a semi-synthetic
derivative of artemisinin that exhibits broad protective effects. However, the role of DHA in inhibiting CNP
in�ammation and prostatic epithelial cell proliferation remains largely unknown.

Materials and Methods: CNP mice model was induced by carrageenan and Haemotoxylin Eosin (HE)
,immuno�uorescence and immunochemistry staining were used to con�rm CNP and E2F7 expression.
Human prostatic epithelial cells (HPECs) and RWPE-1 was induced by lipopolysaccharide (LPS) to mimic
CNP model in vitro. Real-time quantitative PCR and Western blot were used to detect proliferation and
in�ammatory genes expression. Cell proliferation was determined using MTT assay.

Results: DHA signi�cantly alleviated the rough epithelium and inhibited multilamellar cell formation in the
prostatic gland cavity and prostatic index induced by carrageenan. In addition, DHA decreased the
expression of TNF-α and IL-6 in�ammatory factors in prostatitis tissues and in LPS-induced epithelial
cells. Upregulation of transcription factor E2F7, which expression was inhibited by DHA, was found in
CNP tissues, human BPH tissues and LPS-induced epithelial cells in�ammatory response. Mechanically,
we found that depletion of E2F7 by shRNA inhibited epithelial cell proliferation and LPS-induced
in�ammation while DHA further enhance these effects. Furthermore, HIF1α was transcriptional regulated
by E2F7 and involved in E2F7-inhibited CNP and cellular in�ammatory response. Interestingly, we found
that inhibition of HIF1α blocks E2F7-induced cell in�ammatory response but does not obstruct E2F7-
promoted cell growth.

Conclusion: The results revealed that DHA inhibits the CNP and in�ammation by blocking the
E2F7/HIF1α pathway. Our �ndings provide new evidence for the mechanism of DHA and its key role in
CNP, which may provide an alternative solution for the prevention and treatment of CNP.

1. Introduction
Chronic nonbacterial prostatitis (CNP), characterized by pelvic discomfort, voiding and pain symptoms,
and even sexual dysfunction, is a common urological disease mainly occurring in older men 1,2. In clinical
practice, patients with CNP account for more than 90% of those with chronic prostatitis 3. Over the past
few decades, several hypotheses have been proposed to explain the pathogenesis of CNP, including
urothelial integrity and dysfunction, recessive infection, autoimmunity, endocrine imbalance,
neuroplasticity, and psychosocial conditions 1,4. Given the close relationship between CNP and male
infertility, its prevention and treatment can enhance male reproductive function 5. Although the speci�c
mechanism and etiology of CNP remain unclear, recent studies have shown that in�ammatory disorders
play a key role in the pathogenesis of CNP6.
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Dihydroartemisinin (DHA), a semi-synthetic derivative of artemisinin, is a more water-soluble and
effective antimalarial agent than artemisinin 7. Studies found that DHA also inhibits cell proliferation,
in�ammation, angiogenesis, cell migration, etc. 8. Our previous research found that dihydroartemisinin
reduces the proliferation and in�ammation of vascular smooth muscle cells induced by high glucose by
inhibiting the miR-376b-3p/KLF15 pathway9. Ling et al. reported that DHA inhibits vascular endothelial
growth factor-induced endothelial cell proliferation and migration through the p38 mitogen-activated
protein kinase-independent pathway 10. DHA can also target VEGFR2 by regulating the NF-kB pathway in
endothelial cells, thereby inhibiting angiogenesis 11. However, little is known regarding the underlying
protective effects of DHA on prostatitis.

The E2F family of transcription factors has been known to regulate multiple genes responsible for cell
proliferation, differentiation, apoptosis, and DNA damage response 12. E2Fs can be classi�ed as
activators (E2F1, E2F2, and E2F3a) and inhibitors (E2F3b, E2F4, E2F5, E2F6, E2F7, and E2F8) based on
their various functions, as well as typical (E2F1-6) and atypical (E2F7 and E2F8) on their structural
characteristics 13. Some studies reported that E2F7 plays an essential role in the regulation of cell cycle
progression and is associated with several diseases, including lung adenocarcinoma, liver cancer, and
head and neck cancer, that promote cell proliferation, in�ammation, and metastasis 14–16. One recent
study reported that E2F7 promoted cell proliferation in glioblastoma 17. However, the role of E2F7 in CNP
remains unclear.

The present study utilized in vivo and in vitro analyses to examine the role of DHA in CNP. Accordingly,
our results showed that DHA exerts anti-proliferative and anti-in�ammatory effects by inhibiting the
E2F7/HIF1α axis in CNP. The aforementioned �ndings provide new evidence for the mechanism of DHA
in CNP treatment, thereby improving our understanding of phytochemicals.

2. Materials And Methods

2.1. Animal models
Experiments were conducted on 6–11 week-old male C57BL/6 mice. All mice were purchased from
Beijing Vital River Laboratory Animal Technology Co.,Ltd. Accordingly, 50 mice were housed in the Hebei
Province of Chinese Medicine/A�liated Hospital of Hebei University of Chinese medicine animal facilities
on a 12-hr light-dark cycle (7 a.m. to 7 p.m., light) in speci�c pathogen-free caging with free access to
food and water in speci�c pathogen-free caging. These mice were randomly divided into �ve groups (n = 
10): the con group, the carrageenan-induced CNP group, and the CNP with the DHA treatment group (1, 4,
and 8 mg/kg/d). All mice were killed that were injected with intraperitoneal injection of pentobarbital (5%,
50mg/Kg) for anesthesia after 4 weeks, after which their prostates were immediately separated and
weighed for prostate index analysis. The prostate index was calculated as follows: prostate index = 
prostate weight (mg)/bodyweight (g). Prostate tissues were then frozen for later use.

2.2. Clinical samples
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Human benign prostatic hyperplasia (BPH) were collected from the Department of Urology, Hebei
Province of Chinese Medicine from July 2013 to June 2020. All patients underwent radical nephrectomy
for treatment. Normal prostate tissue specimens were also obtained from organ donors to act as
controls. The research protocol has been approved by the Ethics Committee of Hebei Province of Chinese
Medicine, and each patient's written consent has been obtained.

2.3. Cell culture and treatment
Human prostate epithelial cells RWPE-1 was purchased from Procell (Wuhan, China) and cultured in K-
SFM mediates with supplemented with 0.05 mg/mL BPE and 5 ng/mL EGF and 1% P/S (PB180120).
Primary cultures of human prostate epithelial cells (HPEC) established from prostatectomy specimens
represent prostate progenitor cells or transit ampli�cation cells. In short, the tissue was minced and
digested with collagenase overnight. Inoculate the digested tissue into a petri dish coated with type I
collagen and containing PFMR-4A medium supplemented with 10 ng/ml cholera toxin, 10 ng/ml
epidermal growth factor, 40 µg/ml bovine pituitary extract, 4 µg/ml insulin, 1 µg/ml hydrocortisone, 100
µg/ml gentamicin, 0.1 mm phosphoethanolamine, 3 nm selenious acid, 2.3 µ m α-tocopherol, and 0.03
nm total reaction Formula retinoic acid. The cells grown in the primary culture were aliquoted and stored
frozen in liquid nitrogen. The epithelial properties of these cells were con�rmed by immunocytochemical
staining of cytokeratin 18.

2.4. Western blotting
Proteins from RWPE-1 cells, HPECs, and prostate tissue were extracted using RIPA lysis buffer, after
which they were separated through 8–10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and transferred to a polyvinylidene di�uoride membrane (Millipore). The membranes were then blocked
with 5% milk solution in Tris-buffered saline for 2 h at 37°C and incubated overnight at 4°C with certain
antibodies. Thereafter, the membranes were incubated with a 1:5000 dilution of anti-rabbit/horseradish
peroxidase or anti-mouse/horseradish peroxidase (Santa Cruz Biotechnology) for 2 h and analyzed using
the Chemiluminescence Plus Western Blot Analysis kit. All antibodies used were as follows: anti-E2F7
(1:1000; PAB12815), anti-VEGFR1 (1:1000; 13687-1-AP), anti-TNF-α (1:500, 17590-1-AP) anti-HIF1α
(1:1000; 66730-1-Ig), and anti-β-actin (1:1000; 66009-1-Ig).

2.5. RNA isolation, reverse transcription, and real-time
polymerase chain reaction
Total RNA from prostate tissues of CNP mice or RWPE-1 cells and HPECs was isolated using the
RNAqueous kit (Ambion). RNA concentration and purity were evaluated using NanoDrop 2000 (Thermo
Fisher). Reverse transcription was conducted using the M-MLV First Strand Kit (Life Technologies),
whereas real-time polymerase chain reaction (PCR) was conducted using the Platinum SYBR Green
quantitative PCR Super Mix UDG Kit (Invitrogen). Gene expression levels were determined using the
comparative 2−△△Ct method. All primers were listed in supplementary table 1.

2.6. MTS assay
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A total of 1 × 104 cells were seeded into 96-well plates. After 24 h, cells received corresponding treatments
according to the experimental design. The medium was then removed, and the cells were washed with
PBS. Thereafter, 2 mg/mL MTS reagent was added to Hank’s buffer and incubated for 1 h until dark blue
crystals are observed in the cytoplasm under an optical microscope. The crystal was dissolved in DMSO,
after which the absorbance was measured using a 490 nm thermal �uorescence scanning Ascent
spectrometer, with the background-subtracted at 650 nm.

2.7. Colony formation assay
A total of 100 RWPE-1 cells and HPECs were seeded into six-well plates, cultured for 1 week, and then
�xed with glacial acetic acid/methanol solution. Thereafter, the colony was stained with 0.5% crystal
violet, and colony formation was analyzed under a microscope.

2.8. Morphometry and histology
Fresh CNP,prostate and BPH tissue are �xed in formalin. Conventional para�n embeds the tissue. Tissue
sections are 5-µm thick and stained with hematoxylin and eosin. The cross-sectional image was acquired
with a Leica microscope (Leica DM6000B, Switzerland) and digitized with LAS V.4.4 (Leica).

2.9. Immunohistochemistry
The 4 µm indicated tissue section was decompressed and immersed in water for high-pressure repair. Use
according to the instructions for immunohistochemistry (SP0041,Solarbio). Use primary anti-rabbit anti-
human polyclonal antibody E2F7 (1:50, 24489-1-AP). Five media �eld microscopes were randomly
selected to take pictures, and the percentage of brown particles in each �eld of view was quantitatively
analyzed using IPP version 6.0 image analysis software.

2.10. Immuno�uorescence staining
The 4 µm indicated tissue section was decompressed and washed with PBS. After preincubated with 10%
normal goat serum (710 027, KPL), the cell smears were incubated with primary antibody anti-E2F7, anti-
DMP1 at 37°C for 2 h. The secondary antibody was the �uorescence-labeled rabbit IgG antibody. Finally,
the cell smears were incubated in DAPI for 10 min for nuclear counterstaining. Images were acquired
using confocal microscopy (DM6000CFS, Leica) and digitized with LAS AF software.

2.11. Statistical analysis
Data were presented as mean ± SEM. Differences between two groups were analyzed using Student’s t
test, whereas correlations between two genes were analyzed using Spearman’s conjunction analysis, with
p < 0.05 indicating statistical signi�cance.

3. Results
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3.1 DHA alleviates carrageenan-induced CNP and prostate
epithelial cells in�ammatory response
Our previous research found that DHA reduces smooth muscle cell proliferation and in�ammation
induced by high glucose. However, it is unclear whether DHA can inhibit CNP. We �rst constructed a CNP
mice model by used carrageenan, and then with different concentration of DHA treatment.
Haemotoxylin& Eosin (H&E) staining results showed that carrageenan treatment signi�cantly increased
rough epithelium and non-monolayer cells in the gland cavity (Fig. 1A). However, DHA treatment markedly
reduced these effect, especially when treating with a dose of 8 mg/kg (Fig. 1A). Next, we calculated the
prostate index to observe the effect of DHA on carrageenan-induced CNP. As shown in Fig. 1B,
carrageenan stimulation signi�cantly increased in the prostatic index in CNP. Meanwhile, DHA dose-
dependently decreased the carrageenan-induced CNP. In order to explore whether DHA inhibits CNP by
reduced in�ammation, we detected in�ammatory factors in the CNP tissues. The results showed that that
carrageenan treatment signi�cantly increased TNF-α and IL-6 expression, whereas DHA decreased these
factors level in a dose-dependent manner in CNP tissues (Fig. 1C and D). In order to verify whether DHA
also exerts anti-in�ammatory effects at the cellular level, cultured RWPE-1 and HPECs were treated with
different concentrations of DHA after being stimulated by LPS. As showed in Fig. 1E and F, DHA
signi�cantly suppressed LPS-increased the expression of TNF-α and IL-6 in RWPE-1 and HPECs cells.
Taken together, these results demonstrated that DHA play a role in reducing CNP and anti-in�ammatory
response in epithelial cells.

3.2 E2F7 participates in DHA-inhibited carrageenan-induced
CNP and cell in�ammatory response
To investigate how DHA depressed CNP and cellular in�ammatory response, RT-qPCR was used to
detected in�ammatory genes expression in RWPE-1 cells that stimulated by LPS and with or without DHA
treatment. The results showed that SMAD3, E2F7, RARB and ZNF730 were abnormal expression in PLS-
treated RWPE-1, and these effects was reversed by DHA treatment (Fig. 2A). Next, we verify these genes
expression in CNP tissues. As showed in Fig. 2B, only E2F7 was upregulated in carrageenan-induced CNP
tissues and downreguated in DHA-treated CNP tissues. In order to examine whether E2F7 expression was
elevated in clinical sample, we collected the BPH and normal prostate tissues from donors and detected
E2F7 mRNA level by RT-qPCR. The results revealed that E2F7 mRNA expression signi�cantly increased in
BPH tissues than that in normal prostate tissues (Fig. 3C). Furthermore, immuno�uorescence staining
further con�rmed this result (Fig. 3D and E). Besides, we detected E2F7 expression in epithelial cells with
different concentration of DHA after LPS stimulation. Western blot and RT-qPCR showed that DHA
inhibited LPS-induced E2F7 expression in dose dependent (Fig. 2F to H). Additionally, we measured E2F7
expression in carrageenan-induced CNP tissues by using immunochemistry staining. As showed in
Fig. 2I, the expression of E2F7 markedly elevated in epithelial cell of CNP tissues while DHA decreased
E2F7 expression in these cells in dose dependent. Taken together, these results suggested that E2F7 was
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involved in carrageenan-induced CNP and DHA inhibited CNP and cell in�ammation by downregulating
E2F7 expression.

3.3 Downregulation of E2F7 inhibits prostatic epithelial cell
proliferation and in�ammation
To study the potential mechanism of E2F7 on CNP, we �rst designed two shRNAs speci�cally targeting
E2F7. As shown in Fig. 3A, B, and C, both shE2F7-1# and shE2F7-2# vectors transfection signi�cantly
reduced E2F7 expression in transcription and protein level. Next, a colony formation assay was used to
determine the proliferation effect of E2F7. Accordingly, our results showed that E2F7 knockout inhibited
cell colony formation, whereas DHA treatment enhanced this effect in both RWPE-1 and HPECs cells
(Fig. 3D). Besides, MTS assay showing the same results (Fig. 3E and F). These results demonstrated that
DHA inhibits epithelial cell proliferation by decreasing E2F7 expression. Furthermore, RT-qPCR showed
that E2F7 knockdown decreased TNF-α and IL-6 mRNA levels in RWPE-1 and HPECs cells (Fig. 3G and H).
Together, these results indicated that E2F7 downregulation inhibited epithelial cell proliferation and
in�ammation, whereas DHA treatment enhanced this effect.

3.4 E2F7 regulates HIF1α expression and promotes cellular
in�ammation
Previous studies have already reported that E2F7 forms a transcriptional complex with hypoxia-inducible
factor (HIF) 1 to stimulate downstream gene expression19. So we explored whether HIF1α was involved in
E2F7-inhibited CNP. We �rst con�rmed the HIF1α expression in transfected shE2F7-1# or shE2F7-2-
transfected RWPE-1 and HPECs cells. RT-qPCR and western blot results showed that cell transfection with
the E2F7-knockout vectors obviously decreased HIF1α mRNA and protein levels in RWPE-1 and HPECs
cells (Fig. 4A, B, and C). Next, the Ensembl and Promo 3.0 website approaches were used to analysis
potential binding sites on the 2-kb 5′ promoter region of HIF1α, through which we found three potential
binding elements within this region (Fig. 4D). ChIP analysis con�rmed that E2F7 was bound
predominantly to − 20 to − 100 nt of the HIF1α promoter (Fig. 4E), suggesting that E2F7 transcriptional
regulated HIF1α expression. Previous studies have shown that HIF1α plays an essential regulatory role in
cellular in�ammation 20,21. As a result, we examined HIF1α expression in E2F7-depleted epithelial cells
after LPS treatment. RT-qPCR analysis revealed that LPS treatment signi�cantly upregulated HIF1α
expression. However, E2F7 knockout markedly decreased HIF1α expression regardless of LPS treatment
or not (Fig. 4F). Furthermore, HIF1α expression in clinical sample or prostate tissues with CNP was
determined using RT-PCR. The results showed that HIF1α expression signi�cantly increased in BPH or
CNP tissues (Fig. 4G and H), whereas DHA dose-dependently reversed its expression in CNP
tissues(Fig. 4H). Clearly, HIF1α was transcriptional regulated by E2F7 and involved in E2F7-inhibited
in�ammation.
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3.5 Inhibition of HIF1α blocks E2F7-induced cell
in�ammatory response but does not in E2F7-promoted cell
growth
The aforementioned results showed that E2F7 increased HIF1α expression and enhanced cell
in�ammatory response; however, whether HIF1α affects the proliferation of E2F7-regulated cells remains
unclear. Therefore, we constructed a recombinant plasmid expressing HIF1α. Using RT-PCR and western
blotting, HIF1α overexpression was con�rmed in RWPE-1 and HPECs cells. Figure 5A, B, and C shows that
HIF1α overexpression promoted E2F7 expression. Next, RWPE-1 and HPECs cells were simultaneously
transfected with E2F7 overexpression or shHIF1α vectors to examine HIF1α involvement in E2F7-
regulated cell proliferation and in�ammation. Figure 5D shows that E2F7 overexpression signi�cantly
increased, whereas shHIF1α transfection reduced the number of colonies but did not reverse the
promotional effect of E2F7. The MTS assay obtained the same results (Fig. 5E). These �ndings
suggested that HIF1α depletion did not affect the proliferative effects of E2F7 on cells. Interestingly, E2F7
overexpression increased TNF-α and IL-6 mRNA levels, whereas HIF1α knockout partially reversed this
effect (Fig. 5F and G). Together, these results suggested that HIF1α mediated E2F7-regulated cell
in�ammatory response but not E2F7-promoted cell proliferation.

3.6 DHA inhibits the CNP and in�ammation by blocking the
E2F7/HIF1α pathway.
The aforementioned results showed that DHA was able to suppress E2F7 expression and reduce HIF1α
levels. Therefore, we aimed to investigate whether E2F7/HIF1α participated in DHA-regulated cell
proliferation and in�ammation. As showed in Fig. 6A and B, knocked down of HIF1α did not inhibit E2F7
and VEGFR expression but reduced TNF-α protein levels. However, DHA treatment decreased E2F7,
VEGFR, and HIF1α expression, as well as TNF-α protein levels. However, the expression of TNF-α was
further reduced in both HIF1α-knockout and DHA-treated cells. Thereafter, RT-PCR was used to further
examine TNF-α and IL-6 expression in RWPE-1 and HPECs cells after DHA treatment and shHIF1α
transfection. Our results showed that DHA suppressed TNF-α and IL-6 mRNA levels, with HIF1α knockout
enhancing this effect (Fig. 6C). Taken together, these results suggested that DHA inhibited cell
proliferation and in�ammation by disturbing the E2F7/HIF1α pathway (Fig. 6D).

4. Discussion
In this study, we investigated the anti-proliferation and anti-in�ammation role of DHA in CNP. First, it was
found that DHA inhibited carrageenan-induced CNP and prostate epithelial cells in�ammatory response.
Secondly, E2F7 was involved in carrageenan-induced CNP and DHA inhibited CNP and cell in�ammation
by downregulating E2F7 expression. Third, depletion of E2F7 reduced prostatic epithelial cell proliferation
and in�ammation. In addition, we found that HIF1α was transcriptional regulated by E2F7 and involved in
E2F7-inhibited in�ammation. Inhibition of HIF1α blocks E2F7-induced cell in�ammatory response but
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does not in E2F7-promoted cell growth. Our research results indicate that DHA inhibits CNP and
in�ammation by blocking the E2F7/HIF1α pathway, which may provide an alternative solution for the
prevention and treatment of CNP.

A increasing evidence indicated that cell proliferation and in�ammation play a key role in CNP 22.
However, the pathogenesis of CNP remains to be clari�ed. In�ammation leads to chronic prostatitis and
therefore promotes cell proliferation. Considering that in�ammation may cause chronic prostatitis, pro-
in�ammatory cytokines have been suspected to be closely related to chronic prostatitis 23. Our research
indicated that TNF-α and IL-6 levels were upregulated in CNP, whereas DHA treatment decreased the
expression of both. CNP-induced in�ammation has been identi�ed through the presence of lymphocyte
in�ltration 24. One study reported that epithelial cell proliferation in prostatitis and GHRH may promote
prostatitis progression 25. The present study showed that CNP promotes a signi�cant proliferation of
epithelial cells, which had been reversed with DHA. Although DHA inhibited cell proliferation and
in�ammation, the mechanisms through which DHA regulated this effect require further investigation.

DHA, a semi-synthetic derivative of artemisinin, is a more water-soluble and effective antimalarial agent
than artemisinin 7. One study reported that DHA could inhibit cell proliferation, in�ammation,
angiogenesis, and migration, among other processes. Moreover, Ling Guo et al. reported that DHA
inhibited endothelial cell migration and reduced vascular endothelial growth through a p38
mitogen‐activated protein kinase‐independent pathway 10. Our previous research showed that DHA
inhibited cell proliferation and reduced in�ammation by inhibiting the miR-376b-3p/KLF15 pathway in
high glucose-induced VSMCs 9. However, the role of DHA in carrageenan-induced CNP remains unknown.
The present study showed that CNP-induced endothelial cell proliferation increased E2F7 expression.
However, DHA was able to dose-dependently inhibit this effect. Additionally, our �ndings demonstrated
that DHA increased HIF1α expression by directly targeting E2F7.

HIFs are transcription factors that react to alterations in obtainable oxygen at the cellular level. HIFs are
heterodimeric complex proteins comprising an alpha (HIF1α, HIF2A, or HIF3A) and beta (HIF1B) subunits
26. HIF1α is considered a major transcriptional regulator that responds to hypoxia and promotes
glycolysis to regulate glucose metabolism. One study reported that HIF1α upregulates PAFAH1B2 protein
and mRNA levels to regulate the transition between epithelial and mesenchymal phenotypes and promote
migratory in PDAC cells 27. HIF1α participates in multiple processes, such as tumorigenesis,
angiogenesis, proliferation, metabolism, metastasis, differentiation, and response to radiation therapy 28.
However, its effects on CNP remains unknown.

5. Conclusion
In summary, LPS treatment upregulated E2F7 in RWPE-1 cells and HPECs, whereas DHA treatment
reversed this effect. Furthermore, LPS exposure increased HIF1α in RWPE-1 cells and HPECs, which
directly increased E2F7 expression. DHA exerts anti-proliferative and anti-in�ammatory effects by
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inhibiting the E2F7/HIF1α axis in CNP. Our �ndings provide new evidence for the mechanism of DHA and
its key role in CNP, which may provide an alternative solution for the prevention and treatment of CNP.
However, further research is required to determine its mechanism and elucidate indications for its clinical
application.
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Figure 1

Dihydroartemisinin (DHA) inhibited carrageenan-induced chronic nonbacterial prostatitis (CNP) and
prostate epithelial cells in�ammatory response. (A and B) Mice model of carrageenan-induced CNP and
then different DHA concentrations (1, 4, and 8 mg/kg/d) treated for 28 day. (A) Hematoxylin-eosin
staining (HE) staining for morphological analysis of CNP tissues. (B) Analyze the index of the prostate. *p
< 0.05, **p < 0.01 vs. the corresponding control. (C and D) RT-qPCR was used to determine TNF-α and IL-6
mRNA expression in CNP tissues. *p < 0.05, **p < 0.01 vs. the corresponding control. (E and F)
In�ammatory response of RWPE-1 and HPECs cells were induce by LPS and then DHA (25 μM) was used
to treatment for 24 h. RT-qPCR was used to examined TNF-α and IL-6 mRNA expression. *p < 0.05, **p <
0.01 ***p < 0.001 vs. the corresponding control.
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Figure 2

DHA suppressed in�ammatory response by downregulating E2F7 expression. (A) RWPE-1 was treated
with LPS or LPS + DHA for 24 h, and RT-qPCR was used to detected the candidate genes expression of
in�ammation. *p < 0.05 vs. Sham; #p < 0.05, ##p < 0.01 vs. LPS. (B) RT-qPCR was used to detected the
SMAD13, E2F7, RARB and ZNF730 expression in tissues of CNP model with or without DHA treatment. *p
< 0.05, **p < 0.01 vs. the corresponding control. (C) RT-qPCR detected the E2F7 mRNA expression in
normal prostate or benign prostatic hyperplasia (BPH) tissues in clinical sample. *p < 0.05 vs. normal. (D
and E) Immuno�uorescence staining was used to detect E2F7 expression in normal prostate or BPH
tissues in clinical sample. **p < 0.01 vs. normal. Scale Bar = 50 μm. (F-G) RWPE-1 cells and HPECs were
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treated with indicated LPS and DHA, after which RT-qPCR and western blotting were used to analyze E2F7
protein (F and G) and mRNA (H) levels. *p < 0.05, **p < 0.01 ***p < 0.001 vs. corresponding control. (I)
Immunohistochemical staining was used to detect the E2F7 expression level in CNP and normal prostate
tissues. Scale Bar = 200 μm.

Figure 3

E2F7 mediates DHA-inhibited epithelial cell proliferation and in�ammation. (A–C) RWPE-1 cells and
HPECs were transfected with shCon or shE2F7-1# or shE2F7-2# for 48 h, and then RT-qPCR and western
blotting were used to analyze E2F7 mRNA (A) and protein (B and C) expression. *p < 0.05, **p < 0.01 vs.
corresponding control. (D) RWPE-1 cells and HPECs were transfected with shE2F7 or shCon and then
treated with DHA. Cell proliferation was then determined using a colony formation assay. *p < 0.05, **p <
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0.01 vs. the corresponding control. (E and F) The MTS assay was used to determine proliferation of
RWPE-1 and HPECs cells after treatment as (D). *p < 0.05 vs. the corresponding control. (G and H) RT-
qPCR was used to determine TNF-α and IF-6 expression in RWPE-1 and HPECs cells after treatment as
(D). *p < 0.05, **p < 0.01 vs. the corresponding control. All graph bars are expressed as mean ± standard
error of the mean.

Figure 4
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E2F7 promotes HIF1α expression and cell in�ammation. (A and B) RWPE-1 and HPECs cells were
transfected with shCon or shE2F7 for 48 h, and then RT-qPCR and western blotting were used to examine
HIF1α mRNA (A) and protein (B and C) expression. *p < 0.05, **p < 0.01, ***p < 0.001 vs. shCon. (D) Three
putative E2F7 binding elements within the 2-kb promoter region of HIF1α were identi�ed. (E) ChIP-qPCR
was used to determine E2F7 binding to the HIF1α promoter region in RWPE-1 cells. ** p < 0.01 vs. IgG. (F)
RT-PCR was used to examine HIF1α expression in LPS-treated RWPE-1 and HPECs cells after transfection
with shCon or shE2F7 vector. *p < 0.05, **p < 0.01 vs. the corresponding control. (G and H) RT-PCR was
used to analyze HIF1α mRNA levels in normal prostate and BPH tissues (G) or CNP tissues with or
without DHA treatment (H). *p < 0.05, vs. the corresponding control.

Figure 5
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HIF1A mediates E2F7-regulated cellular in�ammatory response but not on cell proliferation. (A–C) RWPE-
1 and HPECs cells treated with or without DHA after indicated transfection, and then HIF1α mRNA (A) and
protein (B and C) expression levels were examined. **p < 0.01, ***p < 0.001 vs. the corresponding control.
(D) A colony formation assay was used to determine the RWPE-1 and HPECs cells proliferation after
transfection of indicated vectors. *p < 0.05, **p < 0.01 vs. the corresponding control. (E) the MTS assay
was used to determine the proliferation of RWPE-1 and HPECs cells after treatment as above. *p < 0.05
vs. the corresponding control. (F and G) RWPE-1 and HPECs cells were treated as in (D), and then RT-PCR
was used to examine TNF-α and IL-6 mRNA levels. *p < 0.05, **p < 0.01 vs. the corresponding control.

Figure 6

Inhibition of the E2F7/HIF1α axis reduces in�ammation in carrageenan-induced CNP. (A) RWPE-1 cells
were transfected with shHIF1α or their corresponding controls and then treated with or without DHA.
Western blotting was used to analyze the indicated proteins. (B and C) TNF-α and IL-6 mRNA levels were
examined in RWPE-1 cells and HPECs treated as in (A). *p < 0.05, **p < 0.01 vs. the corresponding control.
(D) Proposed model for DHA regulated the process of CNP cell proliferation and in�ammation.
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