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ABSTRACT 
 

Aims: To investigate the effect of parthenolide on nucleolin in controlling the expression of miR-
375 that induces apoptosis and cell cycle arrest in prostate cancer.  
Study Design: This study is an experimental study. 
Methodology: The cytotoxicity effect of parthenolide was tested by MTT assay for 48 h. 
Microscopic techniques were used to identify the morphological changes of the cell line. The 
expression of apoptotic and cell cycle regulatory genes was analyzed by the Real-Time PCR. The 
phase of cell cycle arrest was identified by Flow cytometry.  
Results: The obtained results indicated that parthenolide induced cytotoxicity and suppressed the 
proliferation by reducing the growth of LNCaP cells in 48 h. The microscopic analysis showed the 
alteration of cell morphology and increase of cytoplasmic reactive oxygen species.  Parthenolide 
promotes apoptosis by the downregulation of nucleolin, Bcl-2, and up-regulation of Bax gene. 
Moreover, the flow cytometry assay showed the G1/G0 phase of cell cycle arrest.  
Conclusion: Parthenolide induces apoptosis and cell cycle arrest through nucleolin by the 
suppression of miR-375 in prostate cancer cells. 
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1. INTRODUCTION 
 
Cancer is the second most cause of death and 
prostate cancer (PCa) is the major contributor to 
worldwide cancer morbidity and mortality and is 
the sixth most commonly diagnosed malignancy 
in men [1]. Nucleolin (NCL) is one of the 
phosphoprotein and expression of NCL on the 
cell surface is increased in numerous tumour 
cells and endothelial cells during angiogenesis. 
NCL interacts with several factors that favouring 
cell proliferation and inhibiting apoptosis [2]. 
Aberrant expression of NCL is correlated with 
different cancer types. Evidence has been found 
that there is a deregulated accumulation of NCL 
significantly observed in various cancer cells. It 
has also been found that NCL is highly 
expressed in colorectal cancer [3], gastric cancer 
[4], breast cancer [5], and leukemia [6]; 
circulating tumour cells displayed unique NCL 
expression in PCa [7]. As a result, nucleolin is 
thought to enhance mechanisms that alter 
cancer cell destiny and represents a novel and 
promising target for anticancer treatment.   
 

MicroRNAs are small non-coding RNAs known 
to regulate gene expression by binding to 
3’UTR of mRNA. MiR-375 is enriched in PCa 
and enhanced cellular proliferation, migration, 
invasion and reduced survival in vivo [8]. The 
previous studies report that NCL is involved in 
the biogenesis of miR-15a and 16 [5] and also 
regulates miR-21, miR-221, miR-222, and miR-
103 [9]. Moreover, the miRNA expression 
signatures of prostate cancers have revealed 
that miR-375 is significantly overexpressed 
[10]. Although miR-375 has been implicated in 
PCa, its precise biological role and molecular 
mechanism of function are not yet fully 
understood. 
 

Parthenolide (PTL) is a sesquiterpene lactone 
derivative isolated from feverfew (Tanacetum 
parthenium), exerts antioxidant, neuroprotective, 
anti-inflammatory, and anti-cancer properties 
[11,12]. We previously reported that parthenolide 
induces apoptosis and autophagy through 
activating PI3K/Akt pathway in cervical cancer 
[13].  It also activates B-Raf/MAPK/Erk pathway 
to inhibit migration and cell proliferation arrest in 
human non-small cell lung cancer cells [14]. 
Parthenolide induces apoptotic cell death via the 
formation of ROS, activation of caspase-3, and 
modulation of Bcl-2 family proteins [15]; 
increases reactive oxygen species (ROS) and 

mitochondrial Ca2+ to induce caspase-
independent cell death [16]. Moreover, 
parthenolide activates p38 mitogen-activated 
protein kinase pathways and extracellular signal-
regulated kinase and induces growth inhibition to 
promote apoptosis and cell cycle arrest in breast 
cancer [17]. In addition, the previous study 
shows that parthenolide binds with NCL and 
regulates miRNA biogenesis [5,9]. 
 

As parthenolide has a potent anticancer effect 
against various cancer cell lines, it is currently 
being subjected to clinical studies. In our earlier 
work, we found that parthenolide has an IC50 
value of 6µM against cervical cancer cell line. 
[13]. Even parthenolide induces apoptosis in 
cancer cells by various mechanisms but how 
parthenolide induces apoptosis through NCL in 
prostate cancer cells remains unclear. 
Therefore, we aimed to investigate the role of 
parthenolide on NCL in controlling the 
expression of miR-375 to promote apoptosis 
and cell cycle arrest in prostate cancer.  
 

2. MATERIALS AND METHODS 
 

2.1 Chemicals and Reagents 
 
Parthenolide was purchased from Sigma-Aldrich 
(St. Louis, MO, USA). Roswell Park Memorial 
Institute (RPMI) medium, fetal bovine serum 
(FBS), penicillin-streptomycin, trypsin-EDTA 
were obtained from Gibco-BRL (Invitrogen, 
Grand Island, NY, USA), 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
(Sigma-Aldrich), 5,5',6,6'-tetrachloro-1,1',3,3'-
tetraethylbenzimidazolcarbocyanine iodide (JC-
1) kit was purchased from Beyotime 
Biotechnology (Haimen, China). 
 

2.2 Cell Culture 
 
LNCaP cell line was purchased from National 
Center for Cell Science (NCCS), Pune, India. 
Cell line was immediately sub-cultured using 
RPMI medium with the supplementation of 10% 
FBS, 100 U/mL penicillin, 100 µg/mL 
streptomycin antibiotics. Cells were incubated at 
37°C under 5% CO2.  
 

2.3 MTT Assay for Cell Viability 
 
Prostate cancer cells were seeded at 1×104 
cells/well in 96 well plates. After overnight, cells 
were incubated with different concentrations of 
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parthenolide (0-10μM) for 48 h. DMSO (0.01%) 
(v/v) was used as control. After 48 h, the medium 
was removed and 200μl of fresh medium and 
20μl freshly prepared MTT (5 mg/ml PBS) was 
added to each well and the plate was incubated 

in a dark at 37C for 4 h. The culture medium 
was removed and 200μl of DMSO was added to 
each well to dissolve the crystal formation and 
the absorbance was read at 595 nm using a 
microplate reader (Bio-Rad). 
 

2.4 Morphological Changes using Phase-
Contrast Inverted Microscope  

 
Morphological changes of apoptotic cells were 
observed according to the protocol with slight 
modifications. Briefly, 5×105 cells were incubated 
for 48 h with or without parthenolide in a T25 
tissue culture flask. The medium was discarded 
and cells were washed once with PBS. The 
morphological changes of the apoptotic cells 
were observed using phase-contrast inverted 
microscope at 20x magnifications. 
 

2.5 Ethidium Bromide / Acridine Orange 
(EtBr / AO) dual staining 

 
Cells were grown in 6 well plates and incubated 
with parthenolide (IC50-8μM) for 48 h. The 
medium was removed and cells were washed 
with PBS and stained with 10μl of EtBr/AO (1 
mg/ml) for 5 min. Morphological changes were 
visualized under fluorescence microscope (Floid 
Cell Imaging Station).  
 

2.6 DAPI Staining 
 
Nuclear fragmentation and chromatin 
condensation were analyzed using DAPI 
staining. Cells were cultured in 6 well plates and 
incubated with 8μM concentration of parthenolide 
for 48 h. The medium was removed and cells 
were washed with PBS and stained with 10μl of 
DAPI (100 μg/ml) and incubated for 30 min at 

37C. The stained cells were visualized under 
fluorescence microscope. 
 

2.7 Estimation of Intracellular Reactive 
Oxygen Species (ROS) generation 

 
LNCaP cells (8×103/well) were incubated with 
parthenolide alone at various times. After 48 h of 
the treatment, the medium was removed, 100 μl 
of 5μM H2-DCFDA were added and incubation 
was protracted for 30 min at 37oC. Then, the 
medium was replaced with PBS and after 

fluorescence intensity was directly observed 
under fluorescence microscope (excitation 
wavelength of 485 nm and emission wavelength 
of 530 nm).  
 

2.8 qRT-PCR 
 
Prostate cancer cells were incubated with 
parthenolide (IC50-8μM) for 48 h. After incubation, 
total RNA was isolated using Trizol reagent. 
Equal quantities of RNA (2μg) from each sample 
were used to synthesize cDNA with a cDNA 
synthesis kit (Takara Bio companies). Real-time 
PCR  was carried out using SYBER FAST qPCR 
master mix kit (Kappa Biosystems) in 20μl by 
Step one plus RT-PCR (Applied Biosystem): 40 

cycles at 95C for 15 s, 60C for 45 s and 72C 
for 15 s. The β-actin gene was used for RNA 
template normalization. 
 

2.9 Cell Cycle Analysis 
 
Cell cycle analysis was performed to determine 
parthenolide-induced cell cycle arrest in prostate 
cancer cell line. Briefly, Prostate cancer cells 
(1×106 cells per well) were treated with or without 
parthenolide for 48 h. Cells were then collected 
and centrifuged at 2000 rpm for 5 min, washed in 
PBS, and fixed with 75% EtOH. PI solution (10 
μg/ml) was added at room temperature prior to 
cell cycle distribution analysis, which was 
conducted using a FACS Scan flow cytometer 
(BD Biosciences, Heidelberg, Germany). 
 

2.10 Statistical Analysis 
 
Statistical significance was analyzed for three 
independent experiments (n = 3) by One-way 
ANOVA using GraphPad Prism software version 
6.0. Statistical significance was given at a level of 
*P<0.05. 
 

3. RESULTS 
 

3.1 PTL Decreases Cancer Cell Viability 
in Prostate Cancer Cells 

 
To investigate the potential anticancer effect of 
PTL on cancer cell growth or proliferation, 
LNCaP cancer cell lines were tested by MTT. 
LNCaP cells were treated with different 
concentrations (0-10 µM/ml) of PTL for 48 h. The 
IC50 value was determined based on cell viability 
rates. As shown in Fig 1, the survival rate of 
LNCaP cells markedly decreased with 
incremental doses of PTL up to 10 μM. (Fig. 1a). 
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These assay results showed a dose-dependent 
decrease in viability of LNCaP cells at 48 h time 
points. The IC50 values of parthenolide against 
LNCaP cells were 8µM respectively (p ≤ 0.05). 
These results indicate that PTL can significantly 
decrease cell viability or proliferation within a 
suitable concentration range in a dose 
dependent manner.  
 
3.1.1 PTL induced significant morphological 

changes in human prostate cancer cells 
(Morphological assay) 

 
In order to determine the role of apoptosis in cell 
growth inhibition by PTL, morphological changes 
in LNCaP cells were examined by phase-contrast 
microscopy (Fig. 1b). The inhibitory effect of the 
PTL was assessed by observing morphological 
changes in LNCaP cells, using phase-contrast 
microscopy. The recognizable morphological 

variations were observed in cancerous cells that 
undergoing cell shrinkage and membrane 
blebbing in prostate cancer cell lines with PTL 
while control cells showed no morphological 
changes. 
 
3.1.2 Parthenolide promotes apoptosis in 

prostate cancer cells 
 
In order to prove whether PTL induced cell death 
mediated through apoptosis, cells were treated 
with parthenolide for 48 h and stained with EtBr/ 
AO and featured morphological changes were 
observed under fluorescence microscope. The 
bright green emission indicates the intact nuclei 
of viable cells and dead cells emits bright orange. 
No morphological changes were seen in control 
cells which appeared uniformly green in colour 
(Fig. 1c). 

 

 
 

Fig. 1. a) Parthenolide (PTL) decreases the viability of prostate cancer cells and promotes 
apoptotic cell death. LNCaP cells were treated with PTL at concentrations of 0-10 μM. After 48 
h of incubation, the MTT assay was performed to measure viability. Statistical analysis is done 
by ANOVA one-way test. Data represent the mean±SD of three independent experiments. *p < 

0.05, **p < 0.01 compared with control; b) Morphological changes of LNCaP cells after PTL 
treatment. The cells were treated with PTL for 48 h, and then cellular morphological changes 

were studied in light microscopy (magnification 20x). After 48 h, cell aggregation, cell 
shrinkage, and apoptotic bodies were observed in PTL treated LNCaP cells; c) Morphological 
changes during PTL induced apoptosis in LNCaP cells. After treatment with PTL, LNCaP cells 
were stained with EtBr/AO (100 μg/μM) and observed under fluorescence microscopy ( 20×). 

Control cells appeared green in colour and parthenolide treated cells showed apoptotic bodies 
in orange colour 
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3.1.3 Detection of apoptotic cells by DAPI 
staining  

 
DAPI was used to observe the chromatin 
condensation in the nucleus of apoptotic cells. 
Apoptotic cells showed smaller and brighter 
nuclei than normal cells. Parthenolide induced 
cell death by increasing the percentage of 
apoptotic cells compared to control (Fig. 2a).  
 
3.1.4 PTL promotes apoptosis by triggering 

loss of mitochondrial membrane 
potential (ΛΨm) in LNCaP cells 

 
Mitochondrial membrane potential loss is a 
hallmark for apoptosis. JC-1 (5,5″,6,6″- 
tetrachloro-1,1″,3,3″-
tetraethylbenzimidazolylcarbocyanineiodide) is a 
specific Δψm-dependent fluorescent stain which 
is mostly used for detecting mitochondrial 
membrane depolarization changes in the early 
stages of apoptosis in both live and dead cells. It 
accumulates in mitochondria in a potential-
dependent manner, as evidenced by a shift in 
fluorescence emission from green to red. In non-
apoptotic cells, JC-1 exists as a dimer and 
accumulates as aggregates in the mitochondria 
which stains red. JC-1 is found in monomeric 
form in the cytosol of apoptotic and necrotic cells, 
staining the cytoplasm green. So, Changes in the 
mitochondrial membrane potential (ΔΨm) were 
analyzed using JC-1 dye. Our results revealed 
that the PTL induced a potent and dose-
dependent loss of mitochondrial membrane 
potential by decreasing the number of cells with 
intact membrane potential and increasing the 
number of cells with low potential after 48 h 
exposure of PTL. As shown in Fig. 2b, as 
compared to control cells, PTL treatment led to a 
substantial loss of membrane potential in PTL 
treated LNCaP cells. 
 
3.1.5 Parthenolide induces apoptosis of 

prostate cancer cells by triggering 
intracellular ROS levels  

 
Oxidative stress was evaluated by the 
measurement of intracellular levels of ROS by 
measuring the DCF (2′, 7′- dichlorofluorescein) 
fluorescence intensity. This is the most common 
method used in ROS investigations and is based 
on the application of H2DCFDA (acetylated form 
of DCF), which is consecutively deacetylated 
inside the cells by intracellular esterases. Further 
H2DCFDA is oxidized by intracellular ROS to 
generate a fluorescent product, DCF. As 
increased production of ROS was found to 

induce cell death, we examined whether PTL 
affected ROS levels in LNCaP cancer cells (Fig. 
2c). It was found that PTL significantly induced 
ROS generation (bright green) in a dose-
dependent manner. These results indicate that 
PTL induced apoptosis by generating ROS in 
LNCaP cells. 
 
3.1.6 Parthenolide regulates mRNA 

expression in LNCaP cells 
 
The effect of parthenolide on apoptosis, 
angiogenesis, cell cycle, and metastasis 
regulatory mRNA expressions were analyzed by 
Real-Time PCR. Bcl-2, an anti-apoptotic gene 
expression was decreased and pro-apoptotic 
protein, Bax was increased. Besides, angiogenic 
promoting components such as VEGF, HIF-1α 
were downregulated. Moreover, MMP-9 is a 
highly elevated metastasis promoter, was 
decreased. Cell cycle regulatory factors were 
analyzed. CDK-4 and Cyclin D1 expression was 
suppressed in parthenolide-treated LNCaP cells. 
In addition, nucleolin and miR-375 expression 
were also decreased (Fig. 3a).  
 
3.1.7 PTL induces cell cycle accumulation in 

G1 Phase 
 
We examined the effect of PTL on cell cycle 
distribution because the induction of apoptosis 
could be mediated through cell cycle arrest. PTL 
treatment resulted in a significant increase in cell 
population in the G1 phase of the cell cycle in 
LNCaP cells, as shown in Fig. 3b. The increase 
in cell population in the G1 phase was observed 
to be accompanied by a decrease in cell 
population in the S phase and the population of 
cells in the G2/M phase also decreased but not 
substantially compared with control. 
 

4. DISCUSSION 
 
Prostate cancer remains a severe concern, 
owing to a lack of understanding of the elements 
that influence its development and progression 
[17]. Finding compounds to improve the 
therapeutic efficacy of existing medications is a 
viable treatment strategy because of its high 
proliferative and invasive characteristics. Natural 
products have long been used in cancer 
research, with several plant extracts and pure 
substances demonstrating excellent potency in 
cancer treatment [18]. As a result, parthenolide 
causes apoptosis in cancer cells although the 
mechanism by which it induces cell death in 
prostate cancer cells is still unknown. So the 
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effect of parthenolide via modulation of nucleolin 
and miR-375 axis in prostate cancer has been 
demonstrated in this study. 
 

Apoptosis is an active fundamental modality of 
natural cell death in the maintenance of tissue 
homeostasis and embryonic development in all 
living organisms. Cell rapture, Cell swelling, cell 
shrinkage, plasma membrane blebbing, 
chromosomal DNA fragmentation, nuclear 
condensation, and the production of apoptotic 
bodies are some of its morphological hallmarks 
[19]. 
 

In our study, we found that cell shrinkage, cell 
damage, and chromosomal DNA fragmentation 
in parthenolide-treated LNCaP cells, which are 
morphological hallmarks of apoptosis (Fig 1, 2, 
3). The result showed that parthenolide 
suppressed cancer cell survival rate by 
significantly inducing cell death, which denotes 

that the LNCaP cells were more sensitive to 
parthenolide treatment.  

 
Furthermore, increased intracellular ROS 
generation plays a vital role in the early stages of 
cell death; generating oxidative stress and 
ultimately causes cell death including apoptosis 
[20]. During the stimulation of apoptosis by 
anticancer medicines, ROS production is              
critical. Increased ROS production can result in 
the loss of ΛΨm, which leads to apoptosis. In 
cervical cancer cells, parthenolide causes 
apoptosis via reactive oxygen species (ROS) 
production [13]. In our study, parthenolide 
increased the ROS level in treated cells 
compared to control in agreement with previous 
studies. These findings primarily revealed that 
parthenolide potentially suppressed LNCaP 
prostate cancer cell line through ROS       
production. 

 

 
 

Fig. 2. a) PTL treatment causes DNA condensation and fragmentation in LNCaP cells. DNA 
condensation was analyzed through apoptotic cell death using DAPI stain (1µg/ml). Apoptotic 

nuclei stained with DAPI showed intense blue colour fluorescence corresponding to chromatin 
condensation and fragmentation; b) PTL triggers ROS production in LNCaP cells. After 

treatment with PTL, LNCaP cells were stained with DCFH-DA (100 μg/μM) and observed under 
fluorescence microscopy (20×). Control cells appeared low green and parthenolide treated 

cells showed high emission of green colour which indicates the ROS generation. c) 
Determination of mitochondrial membrane potential (Δψm).  LNCaP cells were treated with 

parthenolide for 48 h.  Cells were labelled with JC-1 and visualized with a cell imaging station 
(20×). The change from red to green indicates mitochondrial membrane depolarization 
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Fig. 3. a) Quantitative Real-time PCR analysis of mRNA levels in LNCaP cell line. Expression of 
Bcl-2, Bax, VEGF, HIF-1α, Cyclin D1, Cdk-4, Nucleolin and miR-375 genes in parthenolide-
treated LNCaP cells. Cells were incubated for 48 h with PTL at IC50 concentrations and the 

expression was evaluated in qRT-PCR. Data represent mean ± SD of three independent 
experiments. *p < 0.05, **p < 0.05 compared with control;. Statistical significance was 

assessed using one-way ANOVA; b) Effect of PTL on cell cycle changes in LNCaP cells. After 
treatment with PTL for 48 h, LNCaP cells were harvested and the percentage of cells at each 

stage of the cell cycle was analyzed by flow cytometry, following DNA staining with propidium 
iodide and compared with control cells. The sub-G1 population percentage is reported in each 

histogram and the total number of events analyzed for each condition was 10,000 
 
Generally, apoptosis (programmed cell death) is 
a complicated process that alleviates many 
oncogenes and stimulates many tumour 
suppressor genes. Apoptosis can be achieved by 
both intrinsic (mitochondrial-dependent) and 
extrinsic (death receptor-dependent) pathway 

activation. Bcl-2, an anti-apoptotic gene, and 
Bax, a pro-apoptotic gene, have been studied in 
a variety of malignancies. They play a vital role in 
the progression of cancer. The activation of Bax 
or the inhibition of Bcl-2 promotes mitochondrial 
malfunction and apoptosis [21,22]. Bcl-2 is a key 
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regulator of apoptosis mediated by mitochondria. 
So, we investigated whether PTL may trigger 
apoptosis in LNCaP prostate cancer cells.  In our 
study, Bcl2, Bax mRNA expression levels 
dramatically changed after PTL treatment in 
LNCaP cells. So this finding demonstrated that 
PTL triggered apoptosis in LNCaP prostate 
cancer cell line.  

 
Inhibition of new blood vessel formation 
(angiogenesis), which is necessary for tumour 
growth, invasion, and metastasis, is one of the 
most important targets in cancer treatment [23]. 
Angiogenesis is implied to vascular endothelial 
cells and angiogenesis-inducing factors in cancer 
[24]. Vascular endothelial growth factor (VEGF) 
and hypoxia-inducible factor-1a (HIF-1α) are the 
key regulators in angiogenesis and consider as a 
potential target for anti-angiogenic therapy [25]. 
Hypoxia-inducible factors stimulate the 
expression of angiogenic growth factors like 
VEGF, which causes neovascularization in 
tissues under physiologic and pathologic 
conditions [26]. So, we evaluated whether PTL 
deregulates angiogenic factors in LNCaP 
prostate cancer cells. In our study, PTL treatment 
inhibited the expression of both VEGF and HIF-
1α expression in LNCaP cells. These 
observations indicated that PTL significantly 
could inhibit angiogenesis in LNCaP through 
VEGF and HIF-1α [27]. Metastasis and invasion 
are the leading cause of death in cancer patients.  
The early stage of the metastatic process is 
characterized by tumour cell migration and 
invasion from surrounding tissue to the 
circulation, a process known as EMT [28]. MMPs 
are a group of zinc-containing endopeptidases 
that are calcium-dependent [29] in which MMP-9 
is a member of the MMP family that contributes 
to cancer progression by destroying the 
extracellular matrix, allowing cancer cells to 
move out of the primary tumour and form 
metastasis. MMP-9 may also degrade type IV 
collagen, the most prevalent component of the 
basement membrane, which is an important 
stage in most malignancies' metastatic growth 
[30]. Therefore, a compound that efficiently 
inhibits cancer cell migration, and invasion could 
be created as a new medicine to prevent or treat 
progressive and metastatic tumours. Hence, in 
this study, we focused on MMP-9 that is involved 
in metastasis processes. In consistent with the 
previous report [31], PTL significantly reduced 
the function of migration and invasion associated 
protein matrix metalloproteinase-9 (MMP-9) in 
LNCaP cells. These findings suggest that PTL 

could be a promising antagonist for prostate 
cancer patients with metastases. 
 

The cell cycle and apoptosis are inextricably 
associated and they both have a role in cancer 
cell's sensitivity to chemotherapy [32]. In 
addition, cell cycle arrest also plays an important 
role in the upstream factors that induce 
apoptosis. Li et al., have revealed that PTL can 
cause apoptosis by inducing cell cycle arrest 
[33]. We further examined the expression of cell 
cycle-associated protein at the mRNA level. 
When the chromosomal DNA of the cell is 
damaged, P53 binds to the corresponding part of 
the DNA and acts as a special transcription 
factor [23], which activates p21 transcription [34] 
and multiple Cyclin-CDK complexes bind to P21 
and inhibit the corresponding protein kinase 
activity [35]. In the present study, we found that 
the mRNA levels in LNCaP cell cycle inhibitory 
regulatory proteins CDK-4 and cyclin D1 are 
decreased after PTL treatment, We further 
evaluated the effect of PTL on cell cycle-relevant 
proteins in the G1 phase. The major regulators of 
the G1–S phase transition, cyclin D1, and CDK4 
were studied. We found that PTL treatment 
resulted in a significant reduction of cyclin D1, 
and CDK-4 expression. This could be explained 
by the possibility that PTL alters the cell cycle in 
a cell type-specific manner. We further studied 
the cell cycle distribution following PTL treatment 
and discovered that PTL caused cell cycle arrest 
in the G1 phase. Previous research has shown 
that PTL causes cancer cells to accumulate in 
the S or G2/M phases [36,37]. Moreover, the 
FACS experiment showed that the proportion of 
G1 phase of LNCaP cells in the PTL treatment 
group was significantly increased, and the 
proportion of the S phase was significantly 
decreased. This indicates that PTL can block the 
cell cycle of LNCaP in the G1 phase. 
 

Nucleolin is primarily a nucleolus-localized 
protein; nevertheless, nucleolin is detected 
mostly in the cytoplasm, and overexpression of 
nucleolin promotes leads tumour progression in a 
variety of malignancies including breast cancer 
[38,39]. Evidence suggests it may possibly play a 
function in miRNA production as an auxiliary 
protein.  Parthenolide, a natural product small 
molecule that impacts many signal transduction 
pathways, causes a substantial increase in 
cytoplasmic nucleolin levels in MOLM-13 acute 
myelogenous leukemia cells [5]. Also, the all-
trans-retinoic acid treatment decreased 
cytoplasmic nucleolin level thereby enhanced the 
miR-15a and miR-16 expression in acute 
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promyelocytic leukemia cell lines and patients 
[40,41]. Furthermore, few studies have examined 
whether nucleolin stabilizes the mRNA of Bcl-2, 
inhibiting apoptosis [42]. Our data revealed that 
parthenolide reduced nucleolin expression levels 
in LNCaP cells. MiR-375 has been implicated in 
carcinogenesis in a number of cancers and it has 
both oncogenic and tumour suppressor functions 
depending on the cellular context. Many 
diseases, including prostate cancer, have been 
linked to dysregulated miRNA signatures. 
miRNAs have been widely employed as a new 
biomarker to predict prognosis and therapy 
effectiveness. miRNAs have been found to act as 
tumour suppressors and over-expressed in a 
variety of human cancers, contributing to tumour 
development. Also, MiR-375 has been reported 
to function as an oncogenic and tumour 
suppressor miRNA in various cancers. Although 
most studies are considered miR-375 as a 
tumour suppressor in gastric and cervical 
cancers [43,44]; few studies have been 
implicated miR-375 upregulation in prostate 
cancer [45]. Elevation of miR-375 regulates cell 
proliferation and mesenchymal epithelium 
transition (MET) in prostate cancer [46]. 
Interestingly, MiR-375 develops docetaxel 
resistance in mCRPC patient tissues and leads 
to poor cell death [47]. These findings give light 
to the prospect of using miRNA as a gene 
therapy target. Previous reports revealed that 
anticancer agents alter the miRNA expression in 
cancer cell lines [48,49] and the role of PTL on 
miR-375 in prostate cancer has not been yet 
reported. 
 

So, our study mainly focuses on whether 
nucleolin and miR-375 reduction could suppress 
LNCaP cell line growth in response to 
parthenolide treatment. In the present study, we 
found that parthenolide significantly decreased 
nucleolin and miR-375 expression in the prostate 
cancer cell line. However, the interaction 
between nucleolin and miR-375 to cause 
apoptosis is unknown. As a result, more research 
is needed to fully understand this occurrence. 
Furthermore, the implication among nucleolin 
and miR-375 requires further investigations and 
these are brand new findings to the best of our 
knowledge. 
 

5. CONCLUSION 
 

This current study was conducted to investigate 
the effect of parthenolide on nucleolin in 
controlling the expression of miRNA-375 in 
prostate cancer. Finally, parthenolide significantly 
decreased nucleolin expression thereby down-

regulated miR-375 level. Hence, our findings 
explored that parthenolide triggered apoptosis 
and cell cycle arrest by modulating the 
expression of nucleolin and miR-375 in prostate 
cancer cells. 
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