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Introduction

Polycystic Ovary Syndrome (PCOS) is a life-long 
endocrinopathy, with a heterogeneous collection of 
signs and symptoms that influences approximately 10% 
of women in reproductive age (Domecq et al., 2013). 
The molecular pathogenesis of PCOS, however, still 
remains unknown. Ovarian carcinoma (OC), another 
ovarian-related disease, is the leading cause of death 
for gynecologic malignancies in female (Muralidhar 
and Barbolina, 2015). Even though more than 80% OC 
patients will have a response after initial therapy, OC still 
recurs in the majority of patients. With the accumulation 
of an increasing knowledge at genetic and genomic level 
in the post-genomic era, it is time to find novel method 
to treat the two diseases by revisit their molecular 
mechanisms. The phosphatidylinositol 3-kinase (PI3K)/
AKT/mammalian target of rapamycin (mTOR) signal 
pathway, which was found to be especially active in PCOS 
and OC, is considered to have close relationship with the 
pathogenesis of PCOS and OC. First-generation mTOR 
inhibitors have demonstrated to be effective in treating in 
several types of tumors. In addition, a growing number of 
studies try to target PI3K or AKT as second-generation 
mTOR inhibitors to explore whether there is clinical 
impact.

This paper will first briefly overview the knowledge of 
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PCOS and OC, with a focus on the relationship between 
PI3K/AKT/mTOR signal pathway and two diseases, 
and then try to dissect the rational therapeutic protocols 
for targeting PI3K/AKT/mTOR pathway in PCOS and 
OC. Some relevant studies and preclinical data related 
to these two diseases and mTOR pathway are going 
to be evaluated. A number of challenges aiming at the 
development of PI3K/AKT/mTOR pathway inhibitors in 
PCOS and OC are discussed, including the risk of drug 
resistance and tactics for optimizing drug combination to 
inhibit mTOR signal pathway in PCOS and OC.

mTOR complexes
mTOR is a serine/threonine kinase. It belongs to 

phosphatidylinositol kinase-related kinase (PIKK) protein 
family, and has been shown to actively regulate cell 
growth, proliferation and differentiation. The gene and 
the protein of mTOR are relatively conservative during 
the process of evolution. mTOR-mediated signaling 
pathway plays a crucial role in the development of a 
number of diseases, such as type-2 diabetes and some 
cancers. Therefore, exploring the mechanism of mTOR 
is becoming more and more attractive.

mTOR is a kind of macro-molecular protein, it will 
form two different kinds of complexes when it combines 
with different proteins: rapamycin sensitive mTORC1 
and rapamycin insensitive mTORC2. mTORC1 consists 
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of mTOR, Raptor, mLST8 and PRAS40. It plays a critical 
role in cell growth and proliferation, protein synthesis, 
metabolism and autophagy, mitochondrial and ribosomal 
biogenesis through regulating RNA translation and 
nutrient metabolism. mTORC2 is composed of mTOR, 
Rictor, mSin1, Protor-1 and mLST8. The major roles 
of mTORC2 played include cytoskelatal. organization, 
cell survival and polarity (Johnson et al, 2013; Laplante 
and Sabatini, 2013; Lee, 2015). In 1991, Heitman et al 
demonstrated that mTORC1 and mTORC2 were encoded 
by different genes in yeast. mTORC1 and mTORC2 
control a large variety of cellular processes via different 
pathways. However, it is difficult to clearly distinguish 
from the two complexes based on the current evidence. 
Additionally, there are more studies investigating 
mTORC1 than mTORC2 when searching the regulation 
of cellular homeostasis. In fact, mTORC1 induces 
translation initiation via translation of the 5’TOP mRNAs, 
inducing protein synthesis and ribosomal biogenesis. This 
mechanism provides a reasonable explain why the activity 
of mTORC1 is frequently found to be increased in tumor 
cells (Johnson et al, 2013; Laplante and Sabatini, 2013). 
There are researches supporting that mTORC1 activity 
would be suppressed by energy stress, endoplasmic 
reticulum (ER) stress, acid deprivation and hypoxia 
(Johnson et al, 2013; Laplante and Sabatini, 2013). 

mTORC2 mediates cellular growth and survival via 
regulating the serum levels of glucocorticoid induced 
protein kinase 1 (SGK1) and AKT. mTORC2 can also 
regulate cytoskelatal organization and cell polarity by 
regulating RhoA and PKC-α (Sciarretta et al, 2014).

Upstream regulators of mTOR complexes
There are two mTOR signaling pathways, i.e, PI3K/

AKT/mTOR signaling pathway and LKB1/AMPK/
TSC/mTOR signaling pathway. The former pathway 
works through phosphorylation. AKT can, directly or 
indirectly, work on mTOR. Receptor tyrosine kinases 
(RKT) is activated when growth factors, such as vascular 
Endothelial Growth Factor (VEGF) and Insulin, combined 
with RKT located in cell surface during the process of 
regulating cell growth, and subsequently, activated RKT 
activates AKT (Badura et al, 2013). AKT could, directly or 
indirectly, stimulate the whole signaling pathway through 
TSC1/TSC2 complex (Huang and Houghton, 2003). Due 
to the fact that TSC1/TSC2 complex is a negative regulator, 
it can suppress the activation of mTOR by combining with 
the upstream molecule of PI3K/AKT/mTOR pathway. 
AKT, however, can inhibit TSC1/TSC2 complex through 
phosphorylation. AKT can also signal to mTORC1 which 
is TSC1/TSC2-independent through phosphorylation and 
causing dissociation raptor from PRAS40, a mTORC1 
inhibitor (Sancak et al, 2007). TSC1/TSC2 is a critical 
upstream regulator of mTORC1. TSC1/TSC2 can transmit 
many of the upstream signals that influence on mTORC1, 
including growth factors, to activate the PI3K pathway 
(Laplante and Sabatini, 2012). Moreover, some factors, 
such as low oxygen and energy levels, can also in some 
degree act on mTORC1 through TSC1/TSC2 complex, 
which is controlled by LKB1/SKT1-AMPK pathway (Yip, 
2015). In the latter pathway, AMPK acts as energy sensor, 

it can act directly on mTOR just like AKT. AMPK can 
phosphorylate raptor, inducing 14-3-3 (a kind of protein 
in yeast) binding to raptor and the allosteric inhibition 
of mTORC1 (Gwinn et al., 2008). Additionally, AMPK 
can activate TSC1/2 complex, increasing GTP enzyme 
activity and suppressing GTP-binding protein Rheb, a 
mTORC1 activator. Furthermore, glycogen synthase 
kinase 3β (GSK-3β) could also activate TSC1/2 complex. 
And it can suppress mTORC1 activity under energy stress 
circumstance (Inoki et al, 2006). Alternatively, regulated 
in development and DNA damage response 1 (REDD1/2) 
activates mTORC1 under low oxygen circumstance with 
no help of AMPK and GSK-3β (Brugarolas et al., 2004). 

In addition, there are many growth factors that could 
promote mTORC2 activity, but the upstream regulatory 
mechanisms are poorly understood. It has been shown 
that mTORC2 could be activated by insulin, however, 
mTORC2 is relatively not sensitive to nutrient deprivation 
(Laplante and Sabatini, 2012). There another report 
indicated that the PI3K pathway could also activate 
mTORC2 (Zinzalla et al, 2011). Recently, Ashworth et 
al (Ashworth and Wu, 2014) pointed out that mTOR 
played a crucial role in full activation of PKB/AKT 
by two steps of phosphorylation. Firstly, Thr308 of the 
protein is phosphorylated by PDK1. In the second step 
residue Ser473 is phosphorylated by mTORC2. Then, 
the mTORC2 could indirectly promote mTORC1 activity 
through the activation of PKB/AKT. It has also been 
shown that the TSC1/2 complex could activate mTORC2. 
Besides, TSC1/2 complex could physically combine with 
mTORC2 instead of mTORC1 (Zinzalla et al, 2011). 
mTORC1 seems to suppress mTORC2 activity via 
phosphorylation of Rictor (Dibble et al, 2009), indicating 
that there is functionally interconnect between mTORC1 
and mTORC2.

Downstream regulators of mTOR complexes
There are two downstream targets in the activated 

mTOR signaling pathway: the 70s ribosomal protein S6 
kinase (S6K1) and the eukaryotic translation initiation 
factor 4E binding protein 1 (4E-BP1). S6K1 phosphorylates 
eukaryotic translation initiation factor 4B (eIF4B) and 
eukaryotic initiation factor 2 kinase (eEF2K), leading to 
further promoting translation initiation (Lyu et al, 2013). 
S6K1 can also be phosphorylated by mTORC1, resulting 
in the activation of translation initiation. But sometimes it 
also plays a negative role on translation initiation via the 
phosphorylated S6K1, attenuating PI3K signaling through 
suppressing the activity of insulin receptor substrate 1 
(IRS1) (Yap et al, 2008). 4E-BP1 is a negative regulator 
and can inhibit translation initiation when it combines 
with eIF-4E 5’TOP. mTORC1 releases eIF-4E from the 
binding complex when it is phosphorylated through some 
stimulation. Released eIF-4E binds to eIF-4A, eIF-4G 
and eIF-4B, forming eIF-4F complex and promoting the 
translation initiation (Lipton and Sahin, 2014 ) (Figure 1).

mTOR signaling pathway in PCOS
PCOS, a common endocrine disorder syndrome, is 

regarded as the dominant factor for anovulatory infertility. 
Even through the mechanism of anovulation still remains 



Asian Pacific Journal of Cancer Prevention, Vol 17 5089

DOI:10.22034/APJCP.2016.17.12.5087
                                                                         Combination Therapy and Dual Inhibitors Are the New Hope for PCOS and OC Patients

pubertal female mice. However, when mTOR signaling 
pathway was suppressed by rapamycin, it would cause 
the inhibition of gonadotropic axis in puberty, decreasing 
estradiol and LH levels, dramaticlly delaying vaginal 
opening, and causing uterine and ovarian atrophy. mTOR 
promotes translation initiation by phosphorylating 
p70S6K kinase and 40S ribosomal protein S6 (Alam 
et al, 2004). Yaba and Demir (Yaba and Demir, 2012) 
indicating that mTORC1 and mTORC2 played an 
important role in the development of PCOS. The results 
suggested that mTOR increased ovarian follicular cell 
growth and proliferation in a mouse model of PCOS. As 
p-p70S6K showed a low level in POCS mouse model, 
it is possible that insufficient p70S6K activity led to the 
suppression of follicular development. In addition, Rictor, 
a component of mTORC2, had a high level expression 
in PCOS mouse model, suggesting that Rictor may play 
a role in the development of PCOS. Another research 
pointed out that mTOR could regulate follicle growth in 
vivo by working as a novel mitotic survival checkpoint. 
mTOR, which is inhibited by rapamycin, reduces follicle 
growth in vitro and granulosa cell proliferation (Yaba et 
al, 2008). Metformin could promote glucose transporters 
4 (GLUT4) expression and suppress androgen receptors 
(AR) expression and block insulin receptor/PI3K/AKT/
mTOR signal pathway on the endometrial hyperplasia 
tissues. The finding showed that changes of endometrial 
GLUT4 expression in PCOS patients were related to the 
androgen-dependent alteration of AR expression and 
changes of insulin receptor/PI3K/AKT/mTOR signal 
network (Li et al, 2015). It has been shown that insulin 
receptor substrate 1 (ISR-1), a signaling protein that binds 
insulin receptor to PI3K signaling cascade, is associated 
PI3K activity decreased in vivo in skelatal. muscle with 
PCOS. Besides, the skelatal. muscle from PCOS in vitro 
increased level of ISR-1 serine phosphorylation compared 
with controls. Allemand et al also guided that elevated 
phosphorylation of S6K and mTOR led to sub-cellular 
rearrangement of ISR-1, inhibiting ISR-1 activation via 
elevating its serine phosphorylation and finally resulting in 
insulin resistance (Allemand et al, 2009). WNT5α works 
as a pro-inflammatory factor in mural granulosa cells and 
was over expressed in PCOS patients as compared with 
controls. The elevated expression of WNT5α increased 
oxidative stress and inflammation mainly through PI3K/
AKT/NF-κB (nuclear factor- κB) pathway, indicating 
a novel mechanism of chronic inflammatory in PCOS 
(Zhao et al, 2015). These findings provided a new visual 
for the relationship between mTOR signal pathway and 
PCOS. Meanwhile, the expressions of this pathway related 
molecules are also different in different PCOS symptoms, 
such as inflammation and insulin resistance. 

mTOR inhibitors in the treatment of PCOS
In clinical application, rapamycin and its derivatives, 

Everolimus, Temsirolimus and Ridaforolimus are 
always considered as the first line mTOR inhibitors. 
As mentioned above, rapamycin can decrease the level 
of LH and is thus used to treat the PCOS patients (Roa 
et al, 2009). In Swaroop’s (Swaroop et al, 2015) study, 
PCOS patients with LH/FSH ratio at about 3.16 can be 

unclear. It is reported that environmental and genetic 
factors play important roles in the origin and development 
of this disease. PCOS is mainly characterized by ovulatory 
dysfunction, hyperandrogenism, and insulin resistance. 
According to American society for reproductive 
medicine (ASRM) and Europe society for human 
reproduction and embryology (ESHRE), PCOS can be 
defined when it satisfies the two of the following three 
standards. i) ovulatory dysfunction or anovulation; ii) 
hyperandrogenism; and iii) there are polycystic ovaries 
when observed by ultrasonic diagnosis (Tsikouras et al, 
2015). PCOS is also characterized by increasing level 
of Luteinizing hormone (LH) and Follicle stimulating 
hormone (FSH) ratio. PCOS patients have higher level of 
LH/FSH ratio than normal one, which is a common finding 
among women. Even so, the level of LH/FSH ratio still 
can not be considered as one of the diagnosis criteria (Hsu, 
2015). The increased LH level will subsequently induce 
theca cell to produce androgens, while the deficiency of 
FSH level will weaken the ability of granulosa cells to 
turn androgen into estrogen, damaging follicle maturation 
and ovulation (McCartney et al, 2002). The majority of 
PCOS patients often accompany with some long-term 
complications to which have not attach much importance, 
such as type-2 diabetes, hyperlipidemia, obesity and 
glucose intolerance (Yang and Choi, 2015).

Relationship between PI3K/AKT/mTOR signal pathway 
and PCOS

According to Zhang et al’s (Zhang et al, 2012) 
experiment, PCOS (52 patients) had higher expression 
of phosphorylated AKT (p-AKT) as compared to the 
controls (32 non-PCOS patients). Interestingly, when 
PCOS patients were grouped as insulin resistance and 
non-insulin resistance based on homeostasis model 
assessment-insulin resistance index (HOMA-IR), p-AKT 
was found to have a higher expression in insulin resistance 
group than in non-insulin resistance group. This paper 
addressed that the PI3K/AKT signaling pathway was 
over-activated in endometrium with PCOS. And insulin 
resistance was probably a key factor for PI3K/AKT 
over-activating in endometrium with PCOS. Roa et al 
(Roa et al, 2009) indicated that mTOR played a crucial 
role in controlling puberty onset and LH secretion. mTOR 
could be activated by 1-leucine promoted LH secretion in 

Figure 1. mTOR Signaling Pathway
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decreased to 1.61 through furocyst( a novel fenugreek 
seed extract) treatment. Inducing ovulation is regarded as 
the most fundamental method in treating PCOS patients. 
And it may be indirectly realized by clomiphene citrate 
(CC) that is an oral estrogen receptor modular with the 
ability to increase FSH level. CC could restore ovulation 
up to 80% after first line of treatment. However, the 
pregnant rate was only up to 35% (Tessaro et al, 2015). 
Temsirolimus is a new type of oral mTOR inhibitor and 
can be hydrolyzed to rapamycin after oral medication. 
As it has a low bioavailability, Temsirolimus can also be 
used to release the symptom of PCOS. Collectively, these 
therapeutic data demonstrated that changing the secretion 
level of LH or FSH was prone to relieve the symptom of 
PCOS. Very fortunately, the past decades have witnessed 
the development of derivatives of rapamycin and some 
small molecule inhibitors, such as PKI-587 (Mallon et al, 
2011), PI-103 (Hong et al, 2011), et al. 

PI3K inhibitors in the treatment of PCOS
Shah et al., (2016) performed a PCOS related 

experiment in pre-pubertal and female rats with metfromin 
and quercetin treatment included. The treatment strategy 
was carried out orally at the dose of 150mg/kg after 
6 weeks. Ovary and uterine weights were decreased 
dramatically compared to the PCOS control group after 
treatment with quercetin. Treatment with quercetin 
revealed dramatical improvement in luteinizing hormone, 
testosterone and insulin. They also indicated that quercetin 
could inhibit PI3K activity in a docking experiment and 
decrease the expression of an ovary determining gene of 
CYP17A1. Therefore this study suggested that quercetin 
might have positive effect on PCOS patients through 
inhibiting PI3K signaling pathway. Sivalingam VN et 
al., (2014) demonstrated that metformin, an efficient 
oral anti-hyperglycaemic medicine, can be used alone or 
combining with clomiphene citrate to promote ovulation 
in female with PCOS through interacting with PI3K/
Akt/mTOR signal pathway. Babies born from woman 
who treated with metformin were less likely to develop 
insulin resistance in their later life. Zhao et al., (2015) 
also showed that both LY-294002 (PI3K inhibitor) and 
BAY-117082 could obviously inhibit WNT5α-induced 
inflammatory in PCOS patients.

mTOR signaling pathway in OC
OC is the most lethal gynecologic malignancies 

around the world, which is partially attributed to the late 
stage diagnosis of the disease. The five-year survival 
rate of patients in the world with ovarian carcinoma is 
approximately 45% (Koizume and Miyagi, 2015). More 
than 90% of OC are epithelial origin, and the rest of 
ovarian tumors come from granulosa-theca cells or germ 
cells. Among all epithelial carcinoma, approximately 
5% are mucinous, 65% are serous and the rest are either 
clear-cell or endometrioid (Mok et al, 2007). There are 
several obvious types of epithelial OC, i e, high or low 
grade serous ovarian, clear cell, endometrioid, mucinous 
and undifferentiated or transitional (Rescigno et al, 
2013). Additionally, high grade serous ovarian is the 
most common form of OC. Tumor cells metastasis will 

be directly related to higher mortality associated with OC 
(Lengyel, 2010). 

Relationship between PI3K/AKT/mTOR signal pathway 
and OC

Intrinsic activation of PI3K/AKT/mTOR pathway has 
been shown to initiate OC in mice, and inhibiting mTOR 
pathway in those models was found to deferred tumor 
growth and extend survival (Kinross et al, 2012). Gao 
et al showed that activated PI3K/AKT signal pathway 
contributed to tumorigenesis, inhibition mTOR’s activity 
with rapamycin led to G1 cell arrest. PI3K can transmit 
mitogenic signal via AKT and mTOR to p70S6K1, 
up-regulating the expression of cyclin-dependent kinase 
4(CDK4) and cell cyclin-related protein, inducing cells 
develop towards G1 stage (Gao et al, 2004). Montero 
et al (Montero et al, 2012) proved that mTORC1 had 
more predominant role than mTORC2 in controlling 
ovarian tumor cell proliferation. Knockdown the Raptor 
(mTORC1’s component) and Rictor (mTORC2’s 
component) respectively, finding that knockdown 
the former had more effective inhibition effect than 
knockdown the latter. AB073614, a new candidate 
long non-coding RNA (lncRNA) that can induce the 
development of OC, exerts its function via targeting 
AKT and extracellular signal-regulated kinase 1/2 
(ERK1/2)-mediated signaling pathway. When knockdown 
AB073614 site, it will cause the inhibition of cell invasion 
and proliferation, leading to G1 cell phase arrest and 
increasing cell apoptosis (Cheng et al, 2015). Zhu et 
al (Zhu et al, 2015) indicated that miR-661, a tumor 
promoter through targeting INPP5J gene, induced AKT 
pathway and promoted tumor cell proliferation. Activation 
of PI3K/AKT/mTOR signal pathway is closely associated 
with higher migration and invasion ability in human OC 
cells. Suppressing this pathway is very useful in treating 
tumor (Bai et al, 2015). All the above suggests that PI3K/
AKT/mTOR signaling pathway plays a significant role 
in OC, indicating that mTOR inhibitors maybe is a good 
choice for treating OC.

mTOR inhibitors in the treatment of OC
mTOR inhibitors mono-therapy

Rapamycin is the prototype of mTOR inhibitors. 
Both rapamycin and its derivatives could combine with 
mTORC1 rather than mTORC2 to inhibit mTOR activity 
(Yuan et al, 2009). Rapamycin derivatives have less 
immuno-suppressive capacity than Rapamycin, but its 
derivatives could exert its function in treating a lot of 
tumor types and have also been tested in OC. Temsirolimus 
and Ridaforolimus are two of clinically useful rapamycin 
derivatives (Cheaib et al, 2015). In a phase II clinical 
trial of OC, intravenous injection of temsirolimus at 
the dose of 25mg showed 9.3% patients response and 
reached 6-mouth progression-free survival rate about 
24%. This result fails to meet anticipatory efficacy and 
is possibly due to the dosage used (Behbakht et al, 2011). 
In another clinical trial, patients with OC were treated 
weekly by temsiroliums(10mg/m2) for three weeks, the 
response rate was increased up to approximately 20% 
among five cases. Patients who exert response gained 14 
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months progression-free period. In other words, weekly 
temsiroliums exerts a potential clinical therapeutic benefit 
for people with OC (Takano et al, 2011).

mTOR inhibitors combination therapy
Similar to many other therapeutic protocols that have 

either monotherapy or polytherapy, the combination 
therapy of mTOR inhibitors sometimes has more 
significant therapeutic efficiency than mono-therapy in 
treating OC patients. Schlosshauer et al (Schlosshauer 
et al, 2009) divided OC cell lines into three groups 
treated with rapamycin, SH-6(AKT inhibitor) and LY-
294002 respectively, finding that the inhibition capacity 
of rapamycin was better than SH-6 and LY-294002 in 
colony formation, cell growth, cell invasion and cell 
apoptosis. However, when cell lines were further treated 
by rapamycin/carboplation, there was much stronger 
inhibition capacity than rapamycin mono-therapy. The 
other phase I studies of combination therapy in patients 
including a fraction of patients with advanced OC 
using everoliums conjunction with weekly paclitaxel 
(Campone et al, 2009), Ridaforolimus plus paclitaxel and 
carboplation (the response rate is approximately 32%) 
(Chon et al, 2014), temsirolimus associated to paclitaxel 
and carboplation(the response rate is approximately 50%) 
(Kollmannsberger et al, 2012). Combination therapy 
showed higher therapeutic effects than monotherapy. 

Other inhibitors of PI3K pathway in the treatment of OC
PI3K inhibitors 

Gao et al (Gao et al, 2004) also demonstrated that 
inhibition of PI3K activation through LY-294002 
suppressed ovarian carcinoma cell proliferation and 
promoted G1 cell cycle arrest. In addition, LY-294002 
in combination with metformin could enhance the 
inhibition capacity of cell growth and induce cell apoptosis 
through suppressing PI3K/AKT pathway, including 
down-regulating the expression of AKT, mTOR and 
AMPK, and up-regulating cell cycle regulatory factors, 
such as p21, p27 and p53 (Li et al, 2012). Jdbahi et 
al (Jebahi et al, 2014) showed that NVP-BEZ235, a 
dual PI3K/mTOR pathway inhibitor, suppressed tumor 
cell proliferation without inducing cell apoptosis. And 
BEZ235 was more effective than rapamycin in inhibiting 
OC cell proliferation. Biochemically, BEZ235 entirely 
inhibited p4E-BP1, pAkt and pS6 (Montero et al, 2012). 
Another research indicated that wortmannin could bind 
to PI3Kγ, resulting in the 833rd site of amino acid’s 
irreversible modification and inhibiting the activation of 
PI3K. Additionally, wortmannin elevated the efficiency 
of cisplatin-induced tumor cell’s apoptosis. Therefore, 
combining wortmanin with cisplatin played an important 
role in tumor cell apoptosis (Ohta et al, 2006). Kim et 
al (Kim et al, 2007) pointed out that paclitaxel could 
down-regulate the activation of PI3K, inducing ovarian 
cancer cell apoptosis. Furthermore, inhibition of AKT 
through PI3K inhibitors, such as LY-294002 and 
Wortmannin, synergistically increased the efficiency of 
paclitaxel-induced cell apoptosis.

AKT inhibitors
Gallic acid, a kind of polyphenol found in vegetables 

and fruits, can down-regulate Akt phosphorylation, and has 
a potential in preventing and treating OC (He et al, 2016). 
WYE-132, a mTORC1/2 dual inhibitor, potently suppress 
the proliferation of OC cells. Furthermore, WY-132 could 
induce caspase-dependent apoptosis in tumor. Namely, 
WY-132 worked by inhibiting mTORC1/2 activation 
and the expression of mTOR-mediate gene (Zhang et al, 
2016). Cyclin-dependent kinase 5 (CDK5), a cytoplasmic 
serine/threonine kinase, could significantly suppress the 
activation of AKT after knockdown. And CDK5 silencing 
could enhance paclitaxel sensitivity and suppresse 
tumor cell growth. Additionally, CDK5 knockdown also 
increases G1 phage cell arrest and tumor cell apoptosis no 
matter where there is paclitaxel or not. CDK5 knockdown 
combining with paclitaxel treatment produces dual 
inhibition of A2780 and HEYA8, enhancing G1 cell 
cycle arrest and caspase-3 dependent cell apoptotic in 
human ovarian cancer. Consequently, CDK5 is a potential 
target and bio-marker for molecular therapy (Zhang et al, 
2015). Myricetin and galangin which can be isolated form 
fruits and vegetables can inhibit the secretion of vascular 
endothelial growth factor (VEGF) and decrease the level 
of p70S6K, p-Akt and hypoxia-inducible factor-1α(HIF-
1α) proteins in OVCAR-3(a kind of OC cell) and A2780 
cells. Indicating that myricetin and galangin can act as 
potential anti-angiogenic role in treating OC (Huang et al, 
2015). RY-2f, a chemical synthesized isoflavone analog, 
can suppress tumor cell proliferation by inhibiting PI3K/
AKT/mTOR signal pathway. Besides, RY-2f can also 
enhance the chemotherapeutic efficacy of cisplatin to 
promote tumor cell apoptosis (Liu et al, 2015). 

Results

The better understanding of the pathophysiology of 
mTOR signal pathway did helped us in improving the 
clinical therapy to several specific diseases, but it rises 
more unsolved questions to be addressed at the same 
time. First, it is necessary and important for researchers 
to explore the specific function of mTORC2 in the 
occurrence of diseases. This could be done by knockdown 
or knockout one of components in mTORC2 in a specific 
disease model (Montero et al, 2012). Second, much effort 
needs to be made to explore the substrate of mTORC1/2 
that mediate some concrete functions and the possible 
mechanisms in pathological circumstances such as stress 
and low oxygen. In addition, whether there is common 
function between mTORC1 and mTORC2 still remains 
unclear. It is likely that the mTORC1/2 complex could 
regulate one another under the special environment. 
Fourthly, the different functions mediated by different 
substrates of mTORC1/2 in different cellular progresses 
need to be addressed as well.

Not only is PI3K/AKT/mTOR pathway over-activated 
in PCOS, but also in OC patients. But conversely, there 
are few studies involving the LKB1/AMPK/TSC/mTOR 
signal pathway when researching OC. It is necessary to 
investigate whether there is relationship between LKB1/
AMPK/TSC/mTOR pathway and OC. LY-294002, a 
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PI3K inhibitor, can inhibit cell proliferation, while when 
it combines with paclitaxel or wortmanin, the efficiency 
will be significantly elevated owning to synergistic effect 
(Kim et al, 2007). In addition, rapamycin and carboplatin 
(Schlosshauer et al, 2009), wortmanin and cisplatin (Ohta 
et al, 2006), RY-2f and cisplatin (Liu et al., 2015), all 
those groups would increase the efficiency in treating 
OC tumor cells. Therefore, it will be very valuable to 
explore more effective drug groups with little side work. 
On the other hand, the dual inhibitors also have much 
more powerful inhibition capacity than normal inhibitors 
such as NVP-BEZ235 (Jebahi et al, 2014) and WYE-132 
(Zhang et al, 2016). Furthermore, dual inhibitors need 
less drug resources compared with drug combination 
therapy methods, and maybe those dual inhibitors have 
less side work, suggesting that much effort can be made 
to investigate more effective dual inhibitors.

It is well known that the ratio of LH/FSH is regarded 
as one of the most important characteristics of PCOS, and 
it has been documented that treating PCOS patients using 
rapamycin (Roa et al, 2009), furocyst (Swaroop et al, 2015) 
and clomiphene citrate (Tessaro et al, 2015) are effective. 
However, the concrete mechanism of those therapeutic 
inhibitors needs to be investigated and addressed. What’s 
more, more function-similar drugs need to be found 
to relieve this kind of symptom. Researchers always 
concentrate much more energy on PI3K inhibitors when it 
comes to mTOR pathway inhibitors based on the present 
study, such as LY-294002(Zhao et al, 2015),quercetion 
(Shah and Patel, 2016) and metformin (Sivalingam et 
al, 2014). Why should researchers take AKT inhibitors 
into account? Such as MK-2206 (Tao et al, 2016) and 
AZD5363 (Zhang et al, 2016) have show some potential 
already. Therefore, much effort needs to be made to 
explore other cellular inhibitors. Even though there are two 
mTOR signal pathways, i e, PI3K/AKT/mTOR and LKB1/
AMPK/TSC/mTOR signaling pathway, the information 
available about the latter pathway is scarce. Therefore, it is 
important to study the role of LKB1/AMPK/TSC/mTOR 
pathway in PCOS. LY-294002 can be used to release the 
inflammatory reactions, while quercetion and metformin 
are prone to ease the insulin resistance in PCOS. What 
will happen when treating PCOS patients with both LY-
194002 and quercetion, could this method product the 
double efficacy or double side effect? Consequently, it 
also provides us another direction to classify the symptom 
of PCOS for the purpose of finding out the most suitable 
choice for each symptom, finally, to see whether if there 
are the most effective combination methods in treating 
PCOS patients.

Discussion

In summary, the ovary-related diseases of PCOS 
and OC are leading healthy issues that are harmful 
to female both physically or mentally. An increasing 
number of evidence suggested the relationship between 
mTOR signaling pathway and PCOS or OC. Activated 
mTOR signaling pathway promotes cell proliferation, 
differentiation and up-regulating protein expression. 
mTOR inhibitors, such as rapamycin, can, directly or 

indirectly, inhibit the activation of mTOR signaling 
pathway. Besides, some small molecule inhibitors have 
better efficacy as compared with traditional inhibitors 
especially when those inhibitors combined with each 
other, which brings new hope for PCOS and OC patients. 

Until now, some mechanisms of mTOR signaling 
pathway remain unknown and need to be discovered. 
But based on current studies, there are many mTOR 
inhibitors with high efficacies in treating PCOS and OC. 
Furthermore, some dual inhibitors with high efficacies 
have been discovered recently. There is no doubt that 
mTOR related studies will provides better understanding 
on PCOS and OC and also will lead to more efficient 
therapeutics to these diseases. 
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