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Abstract. Aspirin has been confirmed as an effective antitumor 
drug in various cancers. However, the relationship between 
aspirin and uterine leiomyoma is still underexplored. Here, we 
explored the effects of aspirin on human uterine leiomyoma 
cells and provide insights into the underlying mechanisms. Cell 
Counting Kit-8 (CCK-8) and flow cytometry analysis showed 
that aspirin treatment inhibited cell proliferation and promoted 
cell cycle arrest at G0/G1 phase in a dose- and time‑dependent 
manner of human uterine leiomyoma cells. Further studies 
revealed that aspirin blocked the interaction between K-Ras 
and p110α by co-immunoprecipitation and immunofluores-
cence. Western blotting demonstrated K‑Ras‑p110α interaction 
was required for the effects of aspirin‑induced inhibition on 
cell growth and cell cycle transition via cell cycle regulators, 
including cyclin D1 and cyclin-dependent kinase 2 (CDK2). 
PI3K/Akt/caspase signaling pathway was involved in human 
uterine leiomyoma cell growth under aspirin treatment. Taken 
together, these results suggest that aspirin inhibited human 
uterine leiomyoma cell growth by regulating K‑Ras‑p110α 

interaction. Aspirin which targeting on interaction between 
K-Ras and p110α may serve as a new therapeutic drug for 
uterine leiomyoma treatment.

Introduction

Uterine leiomyoma (fibroid) is one of the most common 
benign smooth muscle tumors with an estimated incidence 
of 75% in reproductive aged women and ~25% of fertile 
women bear clinical symptoms, such as heavy or abnormal 
uterine bleeding, pelvic pain and infertility (1-3). Although 
surgical therapies, including myomectomy and hysterectomy, 
are frequently used for the management in fibroids, medical 
therapies are considered as the first-line treatment. Current 
medical managements, such as gonadotropin-releasing 
hormone (GnRH) analogs, selective estrogen receptor modu-
lators and ulipristal acetate, are used for reducing fibroid size 
and improving severe symptoms (1,4).

Aspirin, the most commonly used non-steroidal anti-
inflammatory agent for the treatment of fever, pain or other 
inflammatory conditions, has been identified as a potential 
chemopreventive drug supported by epidemiological data or 
clinical trials (5-8). The accumulated evidence shows aspirin 
was related with the reduced risks of breast, lung, colorectal, 
skin, prostate and endometrial cancer (5,9-11). A study showed 
using a continuous low dose of aspirin daily decreased the risk 
of cancer distant metastasis (12). Several anti-proliferation 
mechanisms of aspirin involve inhibition of WNT-β-catenin 
signaling, suppression of PI3K/Akt signaling, modulation of 
Bax and Bcl-2 activation, and regulation of prostaglandin (PG) 
synthesis and catabolism (8,13-16). Although the antitumor 
effects of aspirin are associated with cell proliferation, the 
relationship between aspirin and uterine leiomyoma remains 
unclear.

Kirsten rat sarcoma-2 viral (v-Ki-ras2) oncogene homo-
logue (K-Ras) mutations represent genetic defect found in 

Aspirin inhibits the proliferation of human uterine leiomyoma 
cells by downregulation of K‑Ras‑p110α interaction

Min Gao1*,  Kai-Min Guo2*,  Ying-Mei Wei3,  Ming-Ming Ma4,   
Jia-Rong Cai5,  Ting-Ting Xia6  and  Qing-Jian Ye7

1Department of Pharmacy, The Sixth Affiliated Hospital of Sun Yat-Sen University, Guangzhou, Guangdong 510655;  
2Department of Obstetrics and Gynecology, Guangzhou Women and Children's Medical Center, 
Guangzhou Medical University, Guangzhou, Guangdong 510623; 3Department of Neurology, 
Sun Yat-sen Memorial Hospital of Sun Yat-sen University, Guangzhou, Guangdong 510120;  

4Department of Pharmacology, Cardiac and Cerebral Vascular Research Center, 
Zhongshan School of Medicine, Sun Yat-Sen University, Guangzhou, Guangdong 510080;  

Departments of 5Urology, 6Infertility and Sexual Medicine, and 7Gynecology, 
The Third Affiliated Hospital of Sun Yat-Sen University, Guangzhou, Guangdong 510630, P.R. China

Received March 15, 2017;  Accepted August 14, 2017

DOI: 10.3892/or.2017.5915

Correspondence to: Dr Qing-Jian Ye, Department of Gynecology, 
The Third Affiliated Hospital of Sun Yat-Sen University, 600 Tianhe 
Road, Guangzhou, Guangdong 510630, P.R. China
E-mail: yeqingjian@163.com

Dr Min Gao, Department of Pharmacy, The Sixth Affiliated Hospital of 
Sun Yat-Sen University, 26 Erheng Road of Yuan Village, Guangzhou, 
Guangdong 510655, P.R. China
E-mail: gaomin20040520@163.com

*Contributed equally

Key words: human uterine leiomyoma cell, aspirin, proliferation, 
K‑Ras‑p110α interaction



Gao et al:  ASPIRIN INHIBITS HUMAN UTERINE LEIOMYOMA CELL PROLIFERATION2508

various human cancers. Activated K-Ras signaling contributed 
to promoting tumor initiation and cell proliferation (17,18). 
Previous studies supported the idea that simultaneous activa-
tion of phosphatidylinositol 3-kinase (PI3K) was essential for 
K‑Ras‑induced tumorigenesis (19-21). It was indicated that a 
functional interaction K-Ras and PI3K p110α (PI3K catalytic 
subunit) in host tissue was required for the growth-permissive 
environment for the tumor (22,23). Di Magliano et al  (24) 
demonstrated that K-Ras activation could be inhibited by 
aspirin. Several studies demonstrate that PI3K mutation serves 
as a predictive molecular biomarker for adjuvant aspirin 
therapy (25,26). Thus, K-Ras or PI3K associated signaling 
pathway may be a key target of aspirin therapy for uterine 
leiomyoma.

In this study, we used human uterine leiomyoma cells to 
investigate the anti-proliferation function of aspirin and inves-
tigated the underlying mechanisms.

Materials and methods

Cell culture. Human uterine leiomyoma (UtLM) cells 
(GM10964) were obtained from Coriell Institute for Medical 
Research (Camdern, NJ, USA). Cells were incubated in culture 
medium: Medium 199 (Gibco, Grand Island, NY, USA) supple-
mented with 10% fetal bovine serum (Gibco), endothelial 
cell growth supplement (PromoCell, Heidelberg, Germany), 
heparin (Sigma-Aldrich, St. Louis, MO, USA), 105 U/l peni-
cillin and 100 mg/l streptomycin (Gibco) at 37̊C, in 5% CO2. 
Upon reaching 70-80% confluence, cells were subcultured 
with 0.1% trypsin with 0.02% EDTA (Gibco). Human uterine 
leiomyoma cells were used for the following experiments by 
aspirin (Sigma-Aldrich) treatment.

Reagents. Aspirin with a purity exceeding 98% was purchased 
from Sigma-Aldrich. It was dissolved in distilled water at the 
desired concentrations.

Cell viability assay. Cell viability was assessed by Cell 
Counting Kit-8 (CCK-8, Dojindo Molecular Technologies, 
Kumamoto, Japan). Cells (5x103 cells/well) were seeded in a 
96-well plate. Plates were pre-incubated for 24 h in a humidi-
fied incubator. Then the cells were serum starved for another 
24 h. Forty-eight hours after different treatments, 10% CCK-8 
solution was added to each well of the plate and the plates 
were incubated for 2 h in the incubator. The absorbance was 
measured at 450 nm by BioTek microplate reader (Winooski, 
VT, USA).

Flow cytometry. Cell cycle was evaluated by flow cytometry. 
After appropriate treatment, cells were harvested, rinsed twice 
with phosphate-buffered-saline (PBS) and fixed in 70% ethanol 
for 24 h. Cells were incubated with 100 µl RNase A solution 
(KeyGen Biotech, Nanjing, China) for 30 min at 37̊C and were 
added with 400 µl PI solution (KeyGen Biotech) for staining 
for 30 min  in the dark. DNA content of cell distribution was 
analyzed at 488 nm by flow cytometry (EPICS XL-MCL; 
Beckman Coulter, Miami, FL, USA).

Western blot analysis. Total proteins were prepared from 
cultured human uterine leiomyoma cells. Protein was extracted 

with RIPA lysis buffer (Beyotime Biotechnology, Nantong, 
China) and protease inhibitor cocktail (Sigma-Aldrich). The 
protein content was evaluated using BCA Protein assay kit 
(Beyotime Biotechnology) and bovine serum albumin as the 
standard. Equal amounts of total protein were boiled and 
separated on SDS-PAGE gels (Beyotime Biotechnology) and 
transferred to PVDF membrane (Millipore, Bedford, MA, 
USA). The membranes were incubated with the blocking 
solution at room temperature for 1 h. Then the membranes 
were incubated with primary antibodies against K-Ras 
(mouse monoclonal, 1:1,000; Sigma-Aldrich), p110α (rabbit 
monoclonal, 1:1,000; Cell Signaling Technology, Beverly, 
MA, USA), p85 (rabbit monoclonal, 1:1,000; Cell Signaling 
Technology), p‑p85 (Tyr‑458, rabbit polyclonal, 1:1,000; Cell 
Signaling Technology), Akt (rabbit polyclonal, 1:1,000; Cell 
Signaling Technology), p‑Akt (Ser‑473, rabbit polyclonal, 
1:1,000; Cell Signaling Technology), cyclin D1 (rabbit mono-
clonal, 1:1,000; Cell Signaling Technology), CDK2 (rabbit 
monoclonal, 1:1,000; Cell Signaling Technology), caspase‑3 
(rabbit monoclonal, 1:1,000; Cell Signaling Technology), 
caspase‑9 (rabbit monoclonal, 1:1,000; Cell Signaling 
Technology), caspase‑8 (rabbit monoclonal, 1:1,000; Cell 
Signaling Technology), caspase‑12 (rabbit monoclonal, 
1:1,000; Cell Signaling Technology), PARP (rabbit mono-
clonal, 1:1,000; Cell Signaling Technology), α-tubulin (mouse 
monoclonal, 1:1,000; Sigma‑Aldrich), his (mouse monoclonal, 
1:1,000; Sigma-Aldrich), flag (rabbit monoclonal, 1:1,000; 
Sigma-Aldrich) for 24 h at 4̊C. Then the membranes were 
subsequently probed with respective secondary antibodies 
(1:2,000, Cell Signaling Technology) for 1 h at room tempera-
ture. The protein band signals of target bands were detected 
by Bio-Rad Molecular Imager ChemiDoc XRS plus System 
(Bio‑Rad, Richmond, CA, USA). Quantification of band inten-
sities was measured via ImageJ software (National Institute of 
Health, Bethesda, MD, USA).

Co-immunoprecipitation. The cell lysates were extracted 
using non-denaturing lysis buffer. Co-immunoprecipitation 
(co-IP) was done using the Thermo Scientific Pierce co-IP 
kit. The antibodies were first immobilized for 2.5 h using 
AminoLink Plus coupling resin. The resin was then washed 
and incubated with cell lysate overnight. Then the resin was 
washed and protein eluted using elution buffer. Samples were 
resolved on SDS-PAGE gels (Beyotime Biotechnology) and 
transferred onto PVDF membranes (Millipore). The bound 
proteins were determined by immunoblotting with the indi-
cated antibodies.

Plasmid transfection. Human uterine leiomyoma cells were 
seeded at a density of ~1x105/ml. After 24  h, pEnter‑his 
vector, pEnter-his‑K-Ras and pEnter-flag‑p110α (Vigene 
Biosciences, Jinan, China) were transfected into the cells with 
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA). 
Plasmids and Lipofectamine 2000 reagent were diluted in 
serum and antibiotics free Opti-MEM® I (Invitrogen) to form 
the transfection complexes, respectively, for 20 min at room 
temperature and then added to the cells. After incubation 
for 6 h at 37̊C, transfection complexes were replaced with 
DMEM containing 20% fetal calf serum. Cells were prepared 
for following experiments after 48 h.
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siRNA transfection. The siRNA duplexes against K-Ras gene 
synthesized by Ribobio (Guangzhou, China) were transiently 
transfected with Lipofectamine 2000 reagent (Invitrogen). 
Scramble RNA was used as negative control. Scramble RNA 
and K-Ras siRNA strands and Lipofectamine 2000 reagent 
were diluted in serum and antibiotic-free DMEM to form the 
transfection complexes for 10 min  at room temperature and 
then were added to cells. After incubation for 6 h at 37̊C, 
transfection complexes were replaced with DMEM containing 
20% fetal calf serum (Gibco). Cells were prepared for following 
experiments after 48 h. The siRNA sequences for K-Ras are as 
follows: negative control: sense-5'-UUCUCCGAACGUGU 
CACGU-3'; antisense-5'-ACGUGACACGUUCGGAGAA-3'. 
KRAS siRNA: sense-5'-GUCUCUUGGAUAUUCUCGA-3'; 
antisense-5'-UCGAGAAUAUCCAAGAGAC-3'.

Immunofluorescence analysis. Immunofluorescence was 
performed to detect the effects of aspirin on the p110α/K-Ras 
interaction. Human uterine leiomyoma cells cotransfected 
with his‑K-Ras and flag‑p110α in confocal well were incubated 
with primary his and flag antibodies (1:100, Sigma-Aldrich) at 
4̊C overnight, followed by the incubation with secondary Cy3 
anti-mouse or FITC anti-rabbit antibodies (1:200, Beyotime 
Biotechnology) at room temperature for 1  h. Nuclei were 
stained with Hoechst (1:200, Beyotime Biotechnology) for 
5 min. Cells were photographed by confocal system (Olympus, 
Tokyo, Japan).

Statistical analysis. Raw data were applied directly in 
statistical analysis. Statistical analysis was calculated using 
GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla, 
CA, USA). Collected data were presented as the mean ± SD. 
Datasets with three or more groups were analyzed by one-way 

ANOVA. Comparisons of two groups were analyzed by 
Student's two-tailed t-test. The level for statistical significance 
was 0.05.

Results

Aspirin inhibits cell proliferation in human uterine leiomyoma 
cells. Human uterine leiomyoma (UtLM) cells (GM10964) 
obtained from Coriell Institute for Medical Research have 
been used widely for investigating cell proliferation of uterine 
leiomyoma in research as in vitro modeling system (27,28). 
Therefore, we used this cell line for investigating the effects of 
aspirin on uterine leiomyoma.

To investigate the effects of aspirin on the growth of human 
uterine leiomyoma cells, human uterine leiomyoma cells were 
exposed to six different concentrations of aspirin (0.2, 1, 2, 4, 
8 and 10 mmol/l) for 24 and 48 h. CCK-8 analysis was used to 
assess the effects of aspirin on cell viability. Aspirin induced 
a dose- and time-dependent inhibition in cell viability (Fig. 1). 
After treatment with 8 and 10 mmol/l aspirin for 24 h, the 
cell number decreased to 75.09±5.18 and 68.12±10.82% 
respectively, compared with control group (Fig. 1A). The cell 
number decreased to 70.28±8.98, 48.12±7.65, 32.23±3.87 and 
21.32±6.91% under the treatment with 2, 4, 8 and 10 mmol/l 
aspirin for 48 h, respectively  (Fig. 1B). The half maximal 
inhibitory concentration (IC50) (Fig. 1C) of aspirin for human 
uterine leiomyoma cells was 4.23 mmol/l at 48 h of incubation 
which was selected in the following experiments.

Effect of aspirin on cell cycle in human uterine leiomyoma 
cells. To investigate the underlying mechanisms of cell 
growth inhibition induced by aspirin in human uterine leio-
myoma cells, we examined the effect of aspirin on cell cycle 

Figure 1. Aspirin inhibits human uterine leiomyoma cell growth. CCK8 analysis was used to measure the cell viability of human uterine leiomyoma cells after 
treatment with aspirin (0.2, 1, 2, 4, 8 or 10 mmol/l) for 24 h (A) and 48 h (B) (n=5-6, *P<0.05 vs con). (C) Inhibitory dose-response curves to determine the IC50 
for aspirin on cell viability after 48-h treatment was calculated by non-linear regression using four-parameter logistic curves on GraphPad Prism 5 software 
(n=5-6, *P<0.05 vs con). All values represent mean ± SD.
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distribution. Different concentrations of aspirin (0.2, 1, 2, 4, 
8 and 10 mmol/l) were used for 48 h in human uterine leio-
myoma cells (Fig. 2). The percentage of cells in the G0/G1 
phase increased from 67.45±4.45 to 80.01±8.80, 82.33±7.09, 
84.12±4.15 and 86.72±8.98% in aspirin treatment of 2, 4, 8 
and 10 mmol/l respectively. Aspirin decreased the cell popula-
tion in the S phase from 28.45±3.03 to 17.23±4.09, 14.19±3.19, 
10.47±6.53 and 8.12±5.17% in concentrations of 2, 4, 8 and 
10 mmol/l respectively. The data suggested aspirin inhibited 
the cell entrance from the G0/G1 phase to the S phase.

Aspirin inhibits human uterine leiomyoma cell proliferation 
through blocking the interaction between K-Ras and p110α. 
As reported, K-Ras was involved in various carcinomas and 
the interaction between PI3K p110α and Ras was required 

in tumorigenesis (11). Our results illustrated that the phos-
phorylation of PI3K p85 and Akt as well as the expression 
of cell cycle associated protein, including cyclin  D1 and 
CDK2 were decreased under the treatment of aspirin 
(4.23 mmol/l) for 48 h (Fig. 3A). However, the protein expres-
sion of K-Ras and PI3K p110α did not alter compared with 
control group (Fig. 3A). Then the K‑Ras‑p110α interaction 
was detected (Fig. 3B). The interaction between K-Ras and 
p110α was decreased significantly under treatment of aspirin. 
In cells transfected with flag‑tagged p110α and his‑tagged 
K-Ras plasmids, co-IP and confocal images also showed 
that aspirin reduced the interaction between p110α and 
K-Ras (Fig. 3C and D). These findings implied that aspirin 
inhibited human uterine leiomyoma cell growth via reducing 
the interaction between p110α and K-Ras.

Figure 2. Aspirin inhibits G1/S transition in human uterine leiomyoma cells. (A) Flow cytometry analysis of cell cycle distribution induced by various con-
centrations of aspirin for 48 h. (B) Percentage of cell number in different phases in cell cycle was determined by quantitative analysis (n=6-7, *P<0.05 vs con). 
All values represent mean ± SD.
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Figure 3. Aspirin blocks K‑Ras‑p110α interaction in human uterine leiomyoma cells. (A) Western blot analysis of protein expression of human uterine 
leiomyoma cells under aspirin treatment (4.23 mmol/l) for 48 h. Human uterine leiomyoma cell lysates were harvested for co-immunoprecipitated assays to 
detect the endogenous (B) and exogenous (C) interaction (n=5, *P<0.05 vs con). (D) Confocal images showed K‑Ras‑p110α interaction induced by aspirin. 
Green is for flag‑p110α and red is for his‑K-Ras and yellow is for merge of green with red which accounted for the K‑Ras‑p110α interaction (n=3). All values 
represent mean ± SD.
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Effect of K-Ras on K‑Ras‑p110α interaction under aspirin 
treatment. Western blotting showed that pEnter-K-Ras 
plasmid transfection increased K-Ras expression and anti-
K‑Ras siRNA (40 mmol/l) transfection significantly decreased 
endogenous K-Ras protein expression in human uterine leio-
myoma cells (Fig. 4A and B).

The association between K-Ras and p110α was remarkably 
increased by K-Ras overexpression which could be inhibited 
by aspirin treatment (4.23  mmol/l) for 48  h  (Fig.  4C). In 
K-Ras deletion cells, the interaction between K-Ras and p110α 
was blocked and aspirin had no more inhibitory effect on 
K‑Ras‑p110α interaction (Fig. 4D). The results showed the 
K‑Ras‑p110α interaction was in inhibitory status under aspirin 
treatment no matter how the K-Ras protein expression was 
changed.

Aspirin inhibits cell proliferation via blocking the interaction 
of K-Ras with p110α. In human uterine leiomyoma cells with 
increased K‑Ras‑p110α interaction induced by K-Ras over-
expression, the cell viability was enhanced to 132.19±4.34% 
which was significantly reduced to 52.91±7.87% under the 
treatment of aspirin (4.23 mmol/l) for 48 h (Fig. 5A). Whereas 
K-Ras knockdown, with blocked K‑Ras‑p110α interaction, 
reduced the cell growth to 55.63±8.98% compared with 
control cultures and aspirin did not have further inhibitory 
effects (Fig. 5B).

Cell cycle distribution was quantified by flow cytometry. 
The S-phase cell fraction in K-Ras overexpressed cells, with 
increased K‑Ras‑p110α interaction, was increased from 
28.45±4.01 to 36.77±6.09% and the G0/G1-phase cell frac-
tion was reduced from 65.59±7.52 to 58.73±4.67%, while the 

Figure 4. K‑Ras‑p110α interaction is regulated by K-Ras expression under aspirin treatment. (A) Western blot analysis showed that pEnter-his‑K-Ras plasmid 
transfection increased K-Ras expression in human uterine leiomyoma cells (n=6, *P<0.05 vs con). (B) Anti-K-Ras siRNA (40 mmol/l) transfection for 48 h 
significantly decreased endogenous K-Ras protein expression in human uterine leiomyoma cells (n=6, *P<0.05 vs con). (C) The interaction between K-Ras 
and p110α was increased in K-Ras overexpressed cells which was inhibited by aspirin treatment (n=6, *P<0.05 vs con). (D) The K‑Ras‑p110α interaction was 
blocked by K-Ras knockdown and aspirin had no further inhibitory effects (n=6, *P<0.05 vs con). All values represent mean ± SD.
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S-phase cell fraction was reduced to 12.67±1.09% and the 
G0/G1-phase cell fraction was increased to 82.34±9.01% under 
aspirin treatment (Fig. 5C). Furthermore, in K-Ras knockdown 
cells, with reduced K‑Ras‑p110α interaction, the S-phase cell 
fraction was reduced from 30.73±6.78 to 15.79±7.22% and the 
G0/G1-phase cell fraction was increased from 67.98±9.09 to 
80.37±6.01% and aspirin did not have further effects on cell 
cycle arrest (Fig. 5D). Our data indicated that the inhibitory 
effects on cell viability and cell cycle transition of aspirin 
treatment was dependent on the blockage of the interaction of 
K-Ras with p110α in human uterine leiomyoma cells.

Effect of K‑Ras‑p110α interaction on cell cycle regulators 
under treatment of aspirin. Cell cycle transition is positively 
regulated by cyclins and cyclin-dependent kinases. To explore 
the molecular mechanism by which K‑Ras‑p110α interaction 
affects G1/S transition, we analyzed the proteins regulating cell 
cycle progression including cyclin D1 and CDK2. We found 
that the expression of cyclin D1 and CDK2 was enhanced 
in K-Ras overexpression group in which the interaction of 
K-Ras and p110α was increased while the protein expression 
was remarkably reduced under aspirin treatment (Fig. 6A). 
In addition, K-Ras deletion made reduction in expression of 
cyclin D1 and CDK2 compared with control group and aspirin 
had no more effects in reduction of cyclin D1 and CDK2 
that was attributed to the reduced association of K-Ras and 

p110α (Fig. 6B). The data suggested that aspirin-induced inhi-
bition on cell growth and cell cycle transition via cell cycle 
regulators was K‑Ras‑p110α interaction-dependent.

PI3K/Akt signaling pathway was involved in aspirin-induced 
inhibitory effects on cell proliferation. In K-Ras overexpressed 
cells with the increase in K‑Ras‑p110α interaction, the levels 
of phosphorylated PI3K p85 and phosphorylated Akt were 
enhanced while the phosphorylated protein expression was 
decreased in aspirin treatment (Fig. 7A). On the contrary, in 
K-Ras knockdown cells with reduced K‑Ras‑p110α interac-
tion, the protein expression of phosphorylated p85 and Akt 
was reduced and aspirin did not have further inhibitory 
effects (Fig. 7B). Total proteins of PI3K p85 and Akt had no 
significant differences among the groups. Taken together, these 
results demonstrated that aspirin inhibited PI3K/Akt pathway 
by targeting K‑Ras‑p110α interaction.

Inhibition of PI3K/AKT pathway by aspirin enhances caspase 
activation. Caspase family members have been proved to 
be associated with PI3K/AKT signaling pathway in cell 
growth (29,30). Therefore, we further determined the effects 
of aspirin on caspase activation. In K-Ras overexpression cells, 
the levels of cleaved caspase‑3, -9, -8, -12 and cleaved PARP 
protein expression were increased significantly by aspirin 
treatment (Fig. 8A). On the other hand, in K-Ras knockdown 

Figure 5. Effects of K‑Ras‑p110α interaction on cellular proliferation under aspirin treatment. (A) CCK8 results showed that K-Ras overexpression promoted 
cell growth which was inhibited by aspirin treatment (n=5, *P<0.05 vs con). (B) K-Ras deficiency inhibited cellular proliferation and aspirin had no more 
inhibitory effects (n=6, *P<0.05 vs con). (C) Flow cytometry analysis showed that G1/S transition was promoted by K-Ras overexpression which was inhibited 
by aspirin treatment (n=6, *P<0.05 vs con). (D) K-Ras knockdown inhibited the cell cycle transition with no more inhibitory effects under aspirin treatment 
(n=6-7, *P<0.05 vs con). All values represent mean ± SD.
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cells with reduced K‑Ras‑p110α interaction, the protein 
expression of cleaved caspase‑3, -9, -8, -12 and cleaved PARP 
were increased and aspirin did not have further enhancement 

effects (Fig. 8B). Our results indicated that aspirin enhanced 
caspase activation through the inhibition of PI3K/AKT 
signaling pathway.

Figure 6. Effects of K‑Ras‑p110α interaction on cell cycle regulatory proteins. (A) Representative western blot images and densitometric analysis showed that 
K-Ras cDNA transfection significantly increased cyclin D1 and CDK2 expression which was reduced by aspirin treatment in human uterine leiomyoma cells 
(n=5, *P<0.05 vs con). (B) Knockdown of K-Ras reduced protein expression of cyclin D1 and CDK2 which aspirin had no more effects on (n=6, *P<0.05 vs con). 
All values represent mean ± SD.

Figure 7. Aspirin inhibits human uterine leiomyoma cell proliferation through K-Ras/PI3K/Akt signaling pathway. (A) Western blot analysis showed K-Ras 
cDNA transfection significantly increased the phosphorylation of PI3K p85 and Akt which was inhibited by treatment of aspirin (n=5, *P<0.05 vs con). 
(B) K-Ras deletion reduced the protein expression of phosphorylated PI3K p85 and Akt with no more inhibitory effects under aspirin treatment in human 
uterine leiomyoma cells (n=7-8, *P<0.05 vs con). All values represent mean ± SD.
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Discussion

In the present study, we found that aspirin inhibits the prolif-
eration and promote cell cycle arrest via cell cycle regulators 
of human uterine leiomyoma cells. These effects are at least 
in part by downregulation of K‑Ras‑p110α interaction and 
the subsequent modulation of PI3K/Akt/caspase signaling 
pathway.

Recent studies have demonstrated a wide variety of 
positive effects of aspirin on cancer therapy, however, little 
is known about the effects of aspirin on uterine leiomyoma. 
Thus, we showed that aspirin inhibited human uterine 
leiomyoma cell proliferation in vitro. The dose of aspirin is 
varied depend on different diseases, such as 75-325 mg/day 
for cardiovascular disease, ≤325 mg/day for osteoarthritis 
and rheumatoid arthritis, and low dose of 75-300 mg/day 
for colorectal cancer and endometrial cancer (8,31-33). In 

addition, in vitro experiments, the effective doses of aspirin 
in most studies in colon, prostate or breast cancer cells vary 
from 1-10 mmol/l (26,34,35). Our data suggested that the IC50 
value of aspirin for cell growth inhibition was 4.23 mmol/l. 
Moreover, Juárez Olguín et al (36) demonstrated that it was 
safe to reach the maximum serum concentration of aspirin 
as high as 10 mmol/l, indicating that the dose of 4.23 mmol/l 
in aspirin use was safe and feasible and was used for the 
following experiments.

PI3K along with Ras family small GTPases, mediating 
cell growth, differentiation, proliferation and multiple other 
cellular processes, are one of the most important early 
signaling components (37,38). Ras small GTPases have been 
shown to directly associate with p110 catalytic subunits of 
PI3K through a Ras binding domain (RBD) and then activate 
the following PI3K/Akt pathway. It is reported that Ras is 
indispensable for the full activation of class I PI3Ks (39). 

Figure 8. Caspase activation and PARP cleavage induced by aspirin are dependent on K-Ras/PI3K/Akt signaling pathway. (A) Western blot results showed 
in K-Ras overexpression cells, the expression of cleaved caspase‑3, -9, -8, -12, and PRAP were increased under aspirin treatment (n=4, *P<0.05 vs con). 
(B) Western blot results showed that cleaved caspase‑3, -9, -8, -12, and PRAP were increased in K-Ras deletion human uterine leiomyoma cells and aspirin had 
no more enhancement effects on caspase activation and PARP cleavage (n=4-5, *P<0.05 vs con). All values represent mean ± SD.
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Rao  et  al illustrated that low-dose aspirin inhibited the 
pancreatic carcinoma activity in KrasG12D/+ transgenic 
mice (40). Then we testified that aspirin dramatically blocked 
the interaction between K-Ras and p110α. These results indi-
cated that aspirin might inhibit the proliferation of human 
uterine leiomyoma cells through reduction in K‑Ras‑p110α 
interaction.

The K-Ras protein has been considered as a major target 
in the discovery of antitumor drugs because K-Ras mutation is 
commonly observed in various cancers and it lies at the apex 
of numerous growth regulatory cascades (41-43). Knockdown 
of K-Ras suppressed tumor growth while overexpression of 
K-Ras led to various cancers (44,45). It has been reported that 
several K-Ras inhibitors, including farnesyltransferase inhibi-
tors, have been explored to lead to inhibition of wild-type K-Ras 
activity, growth and development (46). We found that in human 
uterine leiomyoma cells, K-Ras overexpression could increase 
the interaction of K-Ras and p110α while K-Ras knockdown 
could inhibit the K‑Ras‑p110α interaction. Then we used 
the strategy of K-Ras overexpression or K-Ras knockdown 
to modulate the interaction of K-Ras with p110α. In order to 
verify the role of K‑Ras‑p110α interaction which may perform 
as a potential target of aspirin, we assessed the cell growth, 
cell cycle transition, the expression of cell cycle regulators 
and the activation of the following PI3K/Akt singling pathway 
upon overexpression or knockdown of K-Ras in human uterine 
leiomyoma cells. In the present study, it was demonstrated 
that the inhibition in cell proliferation along with the G1/S 
phase transition by aspirin treatment could be observed in 
K-Ras overexpressed cells. Furthermore, K-Ras knockdown 
did not have further inhibitory effects on cell growth induced 
by aspirin. These data demonstrated that the anti-proliferation 
effects of aspirin on human uterine leiomyoma cells was 
K‑Ras‑p110α interaction-dependent. Further studies found 
that in K-Ras overexpressed cells, expression of cyclin D1 and 
CDK2 along with the upstream kinases of phosphorylated 
PI3K p85 and Akt were reduced while K-Ras deletion did 
not cause further inhibitory effects under aspirin treatment. 
Caspase activity has been shown to take part in modulating 
cell proliferation and apoptosis. Several recent observations 
suggest caspases exert important functions beyond that of 
cell apoptosis, including cellular proliferation and cell cycle 
progression (47,48). Previous reports have suggested that the 
activation of caspases, including caspase‑3, caspase‑8 and 
caspase‑9, can be regulated by PI3K/AKT pathway (30,49,50). 
Our data showed that in K-Ras overexpressed human uterine 
leiomyoma cells, the caspase activation could be increased 
by aspirin. Otherwise, K-Ras knockdown increased caspase 
activation while aspirin did not have further enhancement 
effects on caspase activation. These findings illustrated that 
the proliferation inhibition effects of aspirin on human uterine 
leiomyoma cells was dependent on K‑Ras‑p110α interac-
tion, followed by modulation of PI3K/Akt/caspase signaling 
pathway.

In conclusion, aspirin inhibits the proliferation of human 
uterine leiomyoma cells in vitro. Specifically, it inhibited cell 
proliferation and promoted cell cycle arrest. Furthermore, 
the status of downregulation of the K‑Ras‑p110α interaction, 
reduction of PI3K/Akt activation significantly affected the 
efficacy of aspirin, which resulted in caspase activation and 

cyclin D1 and CDK2 degradation and eventually, cell cycle 
arrest and cell growth inhibition. It is noteworthy that the 
inhibition of K‑Ras‑p110α interaction may play the most 
critical role. This study suggested that aspirin might be a 
kind of therapeutic agent for uterine leiomyoma treatment, 
and targeting K‑Ras‑p110α interaction might provide new 
strategies to treat uterine leiomyoma.
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