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Abstract: Activation of the PI3K/AKT/mTOR signaling pathway, a common mechanism in all subtypes of endometrial 
cancers (EC), plays an important role in the initiation and progression of many cancers. Inhibitors against various 
components of this pathway might promise a novel effective approach for targeted therapy for EC in the future. 
Intriguingly, two major members of this pathway, AKT1 and mTOR, were both reported to be the putative target 
genes of miR-99a, which were widely reported to function as a tumor suppressor in a variety of cancers. However, 
the direct role of miR-99a in endometrial cancer progression and the signaling pathways might been involved have 
never been deciphered. In this paper, we demonstrate that the expression of miR-99a was significantly suppressed 
in the EC tissues and was negatively correlated with the differentiation of tumors. Furthermore, we find that over-
expression of miR-99a in EC cells induced a complex phenotype, namely an inhibition of cell proliferation, block 
of G1/S phase transition, induction of cell apoptosis, suppression of cell invasion, and inhibition of tumor growth 
in vivo, which was mediated, at least partially, through dual-suppression of PI3K/AKT/mTOR pathway. This finding 
not only helps us understand the molecular mechanism of endometrial carcinogenesis, but also gives us a strong 
rationale to further investigate miR-99a as a potential biomarker and therapeutic target for EC.
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Introduction

Endometrial carcinoma (EC) is the fourth most 
often occurring malignancy in the female popu-
lation of developed countries [1]. In 2014, there 
were about 5,2630 new cases and 8590 
deaths due to this neoplasm in the United 
States [2]. Although Asian women have a lower 
risk of EC compared to those in the US and 
other western countries, the incidence of EC in 
China and in Japan has substantially increased 
[3, 4]. Etiology of endometrial tumors has been 
connected with alteration of several genes. The 
most prominent molecular alteration in EC, 
demonstrated in 80% of tumors, is the dysregu-
lation of the phosphatidylinositol 3-kinase/pro-
tein kinase B/mammalian Target of rapamycin 
(PI3K/AKT/mTOR) signaling pathway, which fre-
quently manifests as an accumulation of defec-
tive activated AKT and mTOR protein [5]. 

The PI3K/AKT/mTOR signaling pathway is a 
major survival pathway [6]. It plays a cardinal 
role in the transduction of extracellular and 
intracellular signals that regulate cell growth, 
proliferation, survival, migration, and angiogen-
esis [7]. Activation of PI3K recruits AKT to the 
plasma membrane, allowing its activation, 
which in turn phosphorylates various intracel-
lular proteins, such as the serine/threonine 
kinase mTOR, MMP-2, caspase-3 and so on [8, 
9]. Activation of PI3K/AKT/mTOR pathway has 
been widely investigated in the initiation and 
progression of many cancers, such as breast, 
bladder, colon and ovarian cancers [10-13]. For 
EC, its activation was reported to increase can-
cer initiation by increasing its chromosomal 
instability [14]. Moreover, it is also well known 
to cause drug resistance to chemotherapy [15]. 
Thus, inhibitors against various components of 
this pathway are at various stages of preclinical 
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and clinical development for cancer treatm- 
ent, especially the mTOR inhibitors including 
Rapamycin, Temsirolimus and Everolimus [16]. 
However, the therapeutic effectiveness was 
modest. One potential mechanism of resis-
tance is that mTOR inhibitors would induce a 
subsequent activation of AKT through a nega-
tive feedback loop, which might weaken the for-
mer’s suppressive effects [17, 18]. Thus, more 
and more hypothesis proposed that inhibition 
of AKT could potentiate the antitumor effect of 
mTOR inhibitors, and thus, combined targeting 
of mTOR and AKT could be an effective 
approach in treating patients with mTOR inhibi-
tor-resistance. For example, Xu et al. found that 
combined inhibition of mTOR and AKT using 
pharmacon showed synergistic suppressive 
effects on the tumor growth of basal-like breast 
cancer patient-derived xenograft models [19]. 
Consistently, Mizoeva and colleagues also 
found that dual inhibition of PI3K and mTOR 
induces autophagy to a greater extent than 
inhibition of each target alone, and combined 
administration of PI3K/mTOR as well as autoph-
agy inhibitors results in increased anti-tumor 
activity in vitro and in vivo in models of pancre-
atic adenocarcinoma [20]. Therefore, the dis-
covery of dual inhibitors might promise a novel 
effective approach for targeted therapy against 
PI3K/AKT pathway in endometrial carcinoma.

Intriguingly, two major members of PI3K/AKT/
mTOR signaling pathway, AKT1 and mTOR, were 
both reported to be the putative target genes of 
miR-99a, which is a kind of single-strand, non-
coding RNA molecules. Through suppressing 
the expression of AKT1 and mTOR, miR-99a 
was reported to suppress the tumor metastasis 
of NSCLC cells in vivo, and inhibited prolifera-
tion and invasion of cervical cancer cells in 
vitro, respectively [21, 22]. The fact that miR-
NAs bind to specific mRNAs, thereby blocking 
translation and increasing degradation which 
induced target gene suppression [23], makes 
us to speculate that miR-99a inhibition might, 
at least partially, mediate the overexpression of 
PI3K/AKT/mTOR signaling pathway through tar-
geting AKT1 and mTOR in EC, and thereby 
induce the tumor initiation and progression. 

Although a previous study has demonstrated 
the suppressive expression of miR-99a in EC 
tissues [24], its possible effects on the malig-
nant phenotype of EC and its putative role in 

mediating activation of PI3K/AKT/mTOR signal-
ing pathway have not been investigated in EC 
yet. In this study, we identified the regulative 
role of miR-99a on AKT1 and mTOR expression 
in EC and systematically investigated its effects 
on the cell proliferation and invasion of EC cells.

Materials and methods

Tissue specimens

Study encompassed 47 formalin-fixed paraffin-
embedded specimens and 16 pairs of fresh EC 
tissues and adjacent normal tissues. Study 
design was revised and approved by Chongqing 
Medical University institutional Ethics Commi- 
ttee and informed consent was obtained from 
each study participant. The matched normal 
tissues were obtained from the 5 cm distant 
from the tumor margin, which were further con-
firmed by pathologists. All patients with EC 
were submitted to total hysterectomy and bilat-
eral oophorectomy according to FIGO guide-
lines. None of the patients had received neoad-
juvant therapy. 2014 revised FIGO classifica-
tion was used to determine clinical stage of the 
disease. 

Cell culture and transfection

Human endometrial cancer cell lines (HEC-1B 
and ishikawa) were obtained from the American 
Type Culture Collection (ATCC, Manassas, VA, 
USA). These cells were maintained in DMEM 
medium (PAA, Pasching, Austria), supplement-
ed with 10% fetal bovine serum (FBS; PAA, 
Pasching, Austria) and streptomycin (100 μg/
mL), penicillin (100 U/mL). Cultures were incu-
bated in a humidified atmosphere of 5% CO2 at 
37°C. MiR-99a and relative scramble mimic 
were purchased from Dharmacon (Austin, TX, 
USA). According to manufacturer’s instructions, 
all oligonucleotides were transfected into HEC-
1B and ishikawa cells to a final concentration  
of 100 nM by Dhamafect 1 (Dharmacon, 
Lafayette, CO, USA). Cells were collected for 
further experiments 48 h post-transfection.

RNA extraction, reverse transcription and 
quantitative real-time PCR

According to the protocol of Recover All Total 
Nucleic Acid Isolation Kit (Ambion, Austin, TX, 
USA), total RNA was isolated from 20-μm sec-
tions from formalin-fixed, paraffin-embedded 
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tissue blocks. The expression level of GAPDH 
was regard as internal control of mRNAs, and 
the U6 level was regard as internal control  
of miRNAs, respectively. Total RNA was rever- 
sely transcribed using First-Strand cDNA 
Synthesis kit (Invitrogen, Carlsbad, CA, USA) 
with specific primers qualified with a Taqman 
probe. Then, quantitative real-time PCR was 
performed to quantify relative expression of 
miRNA and mRNA using the ABI PRISM 7900 
Sequence Detection System (Applied Biosys- 
tems, Carlsbad, CA, USA). The primers used for 
reverse transcriptions and quantitative RT-PCR 
were summarized in Table 1. The relative ex- 
pression levels were evaluated using the 2-ΔΔCt 
method. 

Luciferase reporter assays 

The whole 3’-UTR of AKT1 and mTOR gene were 
cloned and amplified. Mutation in 3’-UTR of 
both genes with miR-99a target binding site 
deleted was generated with the Quick Change 
Site-Directed Mutagenesis kit (Stratagene, CA, 
USA). Both the wild and mutant of AKT1 and 
mTOR genes were cloned into the pGL-3-vector 
(Promega, Wisconsin, USA) immediately down-
stream of the Renilla luciferase gene. A lucifer-
ase reporter construct containing the miR-99a 
consensus target sequence served as the posi-

tive controls (PC) and the 
pRL-TK vector was used as 
internal control. Cells were 
co-transfected with pGL-3 
firefly luciferase reporter 
(50 ng), pRL-TK Renilla lucif-
erase reporter (10 ng) and 
miR-99a (50 nM) or scram-
ble mimic (50 nM) with 
Lipofectamine 2000 (Invi- 
trogen, Carlsbad, CA, USA). 
Cell lysates were prepared 
using Passive Lysis Buffer 
(Promega, Wisconsin, USA) 
48 h upon transfection, and 
luciferase activity was mea-
sured using the Dual-Luci- 
ferase Reporter Assay (Pro- 
mega, Wisconsin, USA). Re- 
sults were normalized to  
the Renilla luciferase.

Plasmid construction

Table 1. Primer sequences for PCR or Reverse transcription. F for 
forward, R for reverse
Gene Primer Sequence
Primers for Reverse transcription
    miR-99a 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGCACAAG-3’
    U6 5’-AAAATATGGAACGCTTCACGAATTTG-3’
    AKT1 5’-TTTTTTTTTTTTTTTTTT-3’(Oligo(dT))
    mTOR 5’-TTTTTTTTTTTTTTTTTT-3’(Oligo(dT))
    GAPDH 5’-TTTTTTTTTTTTTTTTTT-3’(Oligo(dT))
Primers for quantitative Real-time PCR
    miR-99a-F 5’-GCGAACCCGTAGATCCGAT-3’
    miR-99a-R 5’-CAGTGCAGGGTCCGAGGT-3’
    U6-F 5’-CTCGCTTCGGCAGCACATATACT-3’
    U6-R 5’-ACGCTTCACGAATTTGCGTGTC-3’
    AKT1-F 5’-CTCTTTCCAGACCCACGAC-3’
    AKT1-R 5’-CCAGGGCTGACACAATCTC-3’
    GAPDH-F 5’-TCAACGACCACTTTGTCAAGCTCA-3’
    GAPDH-R 5’-GCTGGTGGTCCAGGGGTCTTACT-3’
    mTOR-F 5’-CCATCAGCGTCCCTACCTT-3’
    mTOR-R 5’-GAGAATCAGACAGGCACGAA-3’

The full length AKT1 and mTOR genes open 
reading frame (ORF) were amplified and cloned 
into pcDNA-3.1 construct to generate the 
pcDNA3.1-AKT1 and pcDNA3.1-mTOR con-
structs, and the empty pcDNA3.1 construct 
was used as internal control. HEC-1B and 
ishikawa cells were first transfected with miR-
99a or scramble mimic (60 nM) in six-well 
plates. After 24 h of culture, these cells were 
then co-transfected with miR-99a mimic (30 
nM) and either pcDNA3.1-AKT1/mTOR or 
pcDNA3.1 constructs (2.0 µg). The cells were 
harvested at predetermined intervals and as- 
says as necessary.

Western blotting analysis

For the western blotting assays, cells were har-
vested in ice-cold PBS 48 h after transfection 
and lysed on ice in cold modified radio-immu-
noprecipitation buffer supplemented with pro-
tease inhibitors. The concentration of protein 
was determined by the BCA Protein Assay Kit 
(Vigorous Biotechnology Beijing Co. Ltd, Beijing, 
China). Then equal amount of protein were  
analyzed by SDS-PAGE. Gels were electro-blot- 
ted onto nitrocellulose membranes (Millipore, 
Wisconsin, USA). After blocked with 5% non-fat 
dry milk in Tris-buffered saline containing 0.1% 
Tween-20 2 h, membranes were incubated at 
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4°C over night with primary antibodies (AKT, 
p-AKT, mTOR, p-mTOR and GAPDH, Cell Signa- 
ling, Massachusetts, USA). Then, membranes 
were incubated with respective second anti-
bodies and detected by peroxidase-conjugated 
secondary antibodies using the enhanced che-
miluminescence system (ECL) (Millipore, Wis- 
consin, USA).

CCK-8 assays

The Cell Counting Kit-8 (CCK-8, Dojindo, Ku- 
mamoto, Japan) was added to the each wells at 
0h, 24 h, 48 h, and 72 h post-transfection, and 
cells were diluted in normal culture medium at 
37°C until visual color conversion occurred. 
The absorbance values in each well were mea-
sured with a microplate reader set at 450 nm 
and 630 nm. 

FACS analysis

For analysis of cell apoptosis, HEC-1B and 
ishikawa cells were collected and diluted to a 
concentration of 1×106 cells/ml and washed 
with ice-cold PBS three times 72 h after trans-
fection. Cells were incubated with PE Annexin-v 
and 7-AAD according to the PE Annexin-v Apo- 
ptosis Detection Kit I (BD Pharmingen, CA, USA) 
protocol. For analysis of cell cycle distribution, 
cells were harvested 48 h upon transfection 
with miR-99a mimic. Cells were washed twice 
with cold PBS, fixed in ice-cold 70% ethanol, 
and incubated with propidium iodide (PI) and 
RNase A. Cells harvested in two experiments 
were all analyzed by fluorescence-activated cell 
sorting (FACS). Data were analyzed with Flowjo 
software.

Figure 1. Expression levels of miR-99a in EC specimens. A. The expression of miR-99a in 47 pairs of EC tissues 
and compared normal tissues was detected by TaqMan quantitative RT-PCR. Data are shown as log10 of relative 
ratio change of EC tissues relative to normal tissues; B. Statistical analysis of relative miR-99a expression levels 
in EC tissues and compared normal tissues; The expression of miR-99a was normalized to small nuclear RNA U6. 
**P<0.01.

Cell invasion assays

Cells invasion assays were carried out in modi-
fied Boyden chambers (BD Biosciences, San 
Jose, CA, USA) with 8 µm pore filter inserts in 
24-well plates. The transwell chambers were 
coated with Matrigel (BD Biosciences, San 
Jose, CA, USA), which mimics the extracellular 
membrane, before experiments. 24 hours after 
transfection, 4 × 105 cells suspended in serum-
free DMEM were added to the upper chamber, 
and DMEM containing 20% FBS were added to 
the lower chambers as a chemoattractant. 
After 24 h incubation, the non-filtered cells in 
both assays were gently removed with cotton 
swabs. Filtered cells located on the lower side 
of the chamber were stained with crystal violet, 
air dried and then photographed.

Xenograft experiments

For animal xenograft model assays, 3×106 HEC-
1B cells were subcutaneously injected into the 
posterior flanks of 6 weeks old nude mice, four 
mice per group. When tumors reached 50 mm3, 
miR-99a or scramble mimic (100 nmol) was 
suspended in Lipofectamine 2000 (100 μl). 
The diluted miRNA was injected into the tumors 
directly. The injections were performed every 3 
days for 6 times totally. Tumor diameters were 
measured after 7 days from injection and then 
every 3 days. At 28 days after injection, mice 
were killed and tumors were weighted after 
necropsy. Tumor volume was calculated as fol-
lows: length×width2×1/2. The mice xenograft 
model assays were performed according to 
institutional guidelines.
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Immunohistochemistry 

Paraffin sections of xenograft mouse tumor tis-
sues were incubated at 65°C for 2 h, and then 
deparaffinized three times in xylene. Antigen 
retrieval was done by boiling sections in 10 mM 
sodium citrate or 1 mM EDTA. Blocking was 
performed by incubation in 5% normal goat 
serum in 0.1% TBS for 1 h. Primary antibodies 
(anti-AKT1, 1:100; anti-mTOR, 1:100; anti-cas-
pase, 1:100: Cell Signaling Technology, MA, 
USA) were applied overnight at 4°C. Negative 
control sections were incubated with normal 
immunoglobulin G. Sections were then incubat-
ed with secondary antibody conjugated to 
horseradish peroxidase (1:100; Cell Signaling 
Technology, MA, USA) for 2 h at room tempera-
ture. Bound antibody was detected using the 
Liquid DAB+ Substrated Chromogen System 
(DakoCytomation, Carpinteria, CA, USA). Finally, 
sections were counterstained with hematoxylin 
and photographed. 

Statistical analysis

Data were expressed as the mean ± standard 
deviation of at least three repeated experi-
ments. Statistical analysis was carried out 
using the Student’s t-test for comparisons of 
two groups, unless otherwise indicated (χ2 
test), and data with three groups were analyzed 

99a in tumors tissues is much lower than which 
in normal tissues (as shown in Figure 1B). In 
attempt to explore the relationship between 
miR-99a expression and clinicopathological 
characteristics of EC, the detailed characteris-
tics of the patients included in the study were 
summarized in Table 2. Although no significant-
ly statistical correlations were observed be- 
tween miR-99a expression and age, myometri-
al invasion as well as lymph node metastasis, 
comparison between groups distinguished 
based on histological grading revealed the low-
est miR-99a expression in G3 samples 
(2.022±1.244), which was significantly differ-
ent from G1 and G2 samples (3.371±1.537) 
(shown in Table 2, P<0.05). Moreover, tumors 
with later stages (stage III+IV) also present sig-
nificant lower expression of miR-99a compared 
with tumors with early stages (P<0.05). These 
results together suggest that miR-99a was 
down-regulated in endometrial tumors and 
might perform an important role in the differen-
tiation and progression of endometrial carci- 
nogenesis.

Exogenous expression of miR-99a suppresses 
the growth and invasion of EC cells in vitro

As miR-99a expression significantly decreases 
in EC tissues, we sought to compensate for its 

Table 2. Relationship between miR-99a expression and their 
clinicopathological parameters in 47 EC patients

Clinicopathological parameters Number 
of cases

Expression of 
miR-99a P-value

Age (years)
    ≥60 32 2.441±1.714 0.5164
    <60 15 2.107±1.443
FIGO stage
    Stage I+II 34 2.650±1.354 0.0297*
    Stage III+IV 13 1.509±2.014
Grade
    G1+G2 36 2.656±1.715 0.0126*
    G3 11 1.284±0.509
Myometrial invasion
    <1/2 myometrialthickenss 23 2.442±1.928 0.6626
    >1/2 myometrialthickenss 24 2.232±1.304
Lymph node metastasis
    No 30 2.513±1.857 0.3232
    Yes 17 2.020±1.084
Abbreviations: P-value represents the probability from a Student’s t-test for 
miR-99a expression between variable subgroups. *P<0.05 was considered 
to have a significant difference.

using a one-way analysis of vari-
ance (ANOVA). Statistical analysis 
was carried out using SPSS 15.0 
software. P-values < 0.05 were con-
sidered significant.

Results

MiR-99a was under-expressed in 
EC tissues 

Although a previous work has impli-
cated the under-expression of miR-
99a in EC tissues [24], its exact 
effects on the malignant phenotype 
of EC cells remain unclear. Thus, we 
detected the expression of miR-99a 
in a panel of 47 EC tumor speci-
mens. Comparing with the adjacent 
normal tissues, 32 cases of tumor 
tissues exhibited decreased expres-
sion of miR-99a (68.1%, 32 out of 
47, Figure 1A). Furthermore, our 
statistical analysis showed that the 
average expression level of miR-
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loss through exogenous transfection with miR-
99a mimic into HEC-1B and ishikawa cells, 
which were the most common cell types of EC. 
Upon transfection, the intracellular levels of 
miR-99a were about 400-fold and 350-fold 
higher in HEC-1B and ishikawa cells, respec-
tively (Figure 2A). In a first attempt to investi-
gate the personal effects of miR-99a on the 
proliferation rate of EC cells, we performed 
CCK-8 assays. As expected, ectopic miR-99a 
expression led to significant decrease in cell 
proliferation in both EC cell lines (Figure 2B). As 
proliferation directly linked to cell cycle distri 
bution, we further explored the effects of miR-
99a on cycle distribution and apoptosis using 
Fluorescence Activated Cell Sorter (FACS) as- 
says. Interestingly, treatment with miR-99a led 
to significant increase in G1 population as well 
as early-apoptosis in both EC cell lines (Figure 
2C and 2D), indicating that overexpression of 
miR-99a could suppress growth rate of EC cells 

through arresting cell cycle progression and 
inducing apoptosis of EC cells. Moreover, we 
sought to evaluate the effects of miR-99a on 
cell invasion using transwell assays. As shown 
in Figure 2E, miR-99a can efficiently impair the 
invasive capacity of EC cells. Taken together, 
the data mentioned above suggested that miR-
99a functions as a tumor suppressor in EC 
cells. 

AKT1 and mTOR are both direct targets of 
miR-99a in EC cells

Although previous works reported the target 
role of AKT1 and mTOR in NSCLC and cervical 
cancer cells, their exact role in miR-99a-mei-
dated suppressive effects on EC cells remains 
unknown [21, 22]. To demonstrate the direct 
regulation by miR-99a, luciferase reporter con-
taining wild-type AKT1 and mTOR 3’UTR se- 
quences or their mutant-derivates with deletion 

Figure 2. MiR-99ainhibits proliferation and invasion of EC cells. A. RT-PCR was performed to detect the expression 
of miR-99a in GC cell lines (HEC-1B and ishikawa) after treatment with mimics (normalized to U6); B. CCK-8 was 
performed to analyze the effect of miR-99a on cell proliferation of HEC-1B and ishikawa cells; C, D. The influences 
of miR-99a on cell cycle distribution and apoptosis of HEC-1B and ishikawa cells were analyzed using fluorescence-
activated cell sorting (FACS); E. The effects of miR-99a on cell invasion were detected using transwell chamber as-
says. The left panel showed representative photos of cells passing through the membrane; the right panel showed 
the statistic data of cells passing through the membrane; *P<0.05; **P<0.01.
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of putative miR-99a-binding sites were co-
transfected into both EC cell lines with miR-99a 
mimic (Figure 3A). As shown in Figure 3B, miR-
99a represses luciferase activities depending 
on the presence of miR-99a binding in the wild-
type AKT1 or mTOR 3’UTR. While, miR-99a 
mutant 3’UTR of AKT1 or mTOR were not affe- 
cted by overexpression of miR-99a. Identical  
to the luciferase reporter assays, we also ob- 
served the decreased expression of mRNA 
expression of both AKT1 and mTOR in EC cells 
upon transfection with miR-99a mimic (Figure 
3C), suggesting that miR-99a suppressed the 
transcription activity of both genes. To further 
identify the effects of miR-99a on the PI3K/
AKT/mTOR signaling pathway, we explored the 

expression of downstream genes of this path-
way in EC cells upon treatment of miR-99a 
mimic. Identical to the down-regulated mRNA 
levels, the expression of AKT and mTOR protein 
was consistently suppressed upon transfection 
with miR-99a mimic (Figure 3D). Moreover, 
consistent with the suppressed expression of 
total AKT and mTOR, p-AKT as well as p-mTOR 
were significantly decreased. All these results 
together suggested that AKT1 and mTOR are 
direct targets of miR-99a in endometrial cancer 
cells.

To further validate our findings, we picked up 
another 16 pairs of human fresh EC and 
matched normal endometrium tissues. Com- 

Figure 3. AKT1 and mTOR are direct targets of miR-99a in endometrial cancer cells. A. Schematic representation 
of AKT1 and mTOR 3’UTR showing putative miR-99a target sites; B. Relative luciferase activity of the indicated 
AKT1 and mTOR reporter constructs in EC cells, co-transfected with miR-99a mimic or scramble mimic, is shown;  
C. Quantitative RT-PCR assays were performed to detect the expression of AKT1 and mTOR upon transfection with 
miR-99a mimic or scramble mimic (normalized to GAPDH); D. Western blot analysis showed the expression levels of 
total AKT, p-AKT, mTOR and p-mTOR proteins in EC cells treated with miR-99a mimic. E. Inverse correlation between 
AKT1/mTOR mRNA levels and mniR-99a expression in another 16 pairs of fresh EC samples. **P<0.01.
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parison of miR-99a and mRNA levels corre-
sponding to AKT1 and mTOR in EC exhibited 
significantly inverse correlation between miR-
99a and AKT1 (r=0.543, P=0.009) (Figure 3E), 
and inverse correlation between miR-99a and 
mTOR (r=0.447, P=0.004) (Figure 3E), which 
provide strong evidence that AKT1, and mTOR 
are both direct targets of miR-99a in EC.

AKT1 and mTOR are both involved in miR-99a-
mediated tumor suppression

Considering the important role of mTOR inhibi-
tor on the cancer therapeutic, we firstly detect-
ed the role of mTOR in miR-99a-mediated tu- 
mor suppression of EC. We generated a new 
construct containing the full ORF of mTOR ge- 
ne. HEC-1B cells, treated with miR-99a mimic 
before, were then transfected with mTOR con-
structs. As expected, the expression of mTOR 
was rescued when the constructs were trans-
fected into HEC-1B cells (Figure 4A). In agree-
ment with the restored expression of mTOR 
protein, increased cell proliferation (Figure 4B), 
suppressed cell apoptosis (Figure 4C), accom-

panied with the abrogation of miR-99a-mediat-
ed-suppression of cell invasion (Figure 4D)  
was observed. These results demonstrate that 
mTOR was involved in miR-99a-mediated sup-
pressive effects on EC cells. 

AKT is an up-stream gene of mTOR and per-
forms important function at the same time. 
Next, to further explore whether AKT1 was also 
involved in the miR-99a-mediated growth inhi-
bition in EC cells, we adopted another “rescue” 
methodology. Strikingly, Restored expression 
of AKT could partially abolish the miR-99a-me-
diated suppression on AKT1 expression, albeit 
less effectively than achieved by miR-99a ov- 
erexpression (Figure 5A), demonstrating that 
miR-99a inhibits AKT1 expression directly th- 
rough its 3’UTR. Moreover, comparing with cells 
transfected with miR-99a mimic only, co-treat-
ed with AKT1 construct increased the cell pro-
liferation (Figure 5B), and suppressed cell apo- 
ptosis (Figure 5C). In accordance with cell pro-
liferation, co-transfected with AKT1 construct 
partially blocked miR-99a-mediated suppres-
sion of invasion (Figure 5D), although much 

Figure 4. mTOR is involved in miR-99a-mediated tumor suppression of EC. (A) Upon transfection with mTOR con-
struct, we rescued the expression of mTOR in both HEC-1B cells; (B) CCK-8 assays were used to detect the effects of 
miR-99a/mTOR interaction on cell proliferation; (C) FACS assays were performed to detect the effects of miR-99a/
mTOR interaction on cell apoptosis; (D) Transwell assays were performed to detect the effects on cell invasion of 
HEC-1B cells treated as described in (B). *P<0.05; **P<0.01.
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less effectively than restored miR-99a expres-
sion. Collectively, these results established the 
participation of both AKT1 and mTOR in miR-
99a pathway, i.e. the tumor suppressor role of 
miR-99a in EC might be typically a consequence 
of dual-suppression of PI3K/AKT/mTOR signal-
ing pathway.

MiR-99a suppresses tumor growth of EC cells 
in vivo

Our above findings strongly suggest the poten-
tial therapeutic target of miR-99a in EC. Finally, 
we explored the effects of miR-99a on endome-
trial tumor growth in vivo. MiR-99a significantly 
inhibited tumor growth of HEC-1B cells xen-
grafted mice relative to the scramble mimic 
injected mice (Figure 6A, 6B). Consistent with 
the tumor volume, the average tumor weight 
was also significantly reduced (Figure 6C). Ba- 
sed on these observations, we speculate that 
overexpression of miR-99a in tumor tissues 
upon local injection might result in the suppres-
sion of tumor growth. To address this, we mea-
sured the expression of miR-99a and its targets 

in the harvested tumor tissues. Consistent with 
our in vitro results, the expression of miR-99a 
was significantly increased (Figure 6D). Mean- 
while, the expression of AKT and mTOR were 
decreased in mice treated with miR-99a (Figure 
6E). Since caspase-3 is responsible for the 
cleavage of poly ADP-ribose polymerase, actin 
and sterol regulatory element binding protein, 
which are associated with apoptosis [25]. We 
explored the expression of caspase-3 in the 
tumors. As shown in Figure 6E, treatment with 
miR-99a increased the expression of cas-
pase-3 in the tumors, which means miR-99a 
promoted tumor apoptosis of EC in vivo. Thus, 
introduction of miR-99a mimic may suppress 
EC carcinogenesis through dual-suppression of 
PI3K/AKT/mTOR signaling pathway.

Discussion 

The PI3K/AKT/mTOR signaling pathway medi-
ates important signaling transduction in cell 
biological progression. Its activation has been 
widely investigated in the initiation and pro-

Figure 5. AKT1is also involved in miR-99a-mediated tumor suppression of EC. (A) Upon transfection with AKT1con-
struct, we rescued the expression of AKT1 in both HEC-1B cell line; (B) CCK-8 assays were used to detect to explore 
the effects of miR-99a/AKT1 interaction on cell proliferation; (C) FACS assays were performed to detect the effects 
of miR-99a/AKT1 interaction on cell apoptosis; (D) Transwell assays were performed to detect the effects on cell 
invasion of HEC-1B cells treated as described in (B). *P<0.05; **P<0.01.
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gression of many cancers, including EC [10- 
13]. About 80% of EC tumors showed the dys-
regulation of one or more components of this 
pathway [5]. Therefore, better understanding of 
the mechanisms mediating its activation is of 
crucial importance to reduce morbidity and 
mortality of this devastating disease. It has 
been demonstrated that increased expression 
and activity of this pathway could be connected 
with either activating-mutation of Ras, PIK3CA, 
PIK3R1 and PIK3R2 [26] or loss-mutation of 
PTEN [27]. Nevertheless, such alterations were 
not uniformly reported in all EC cases, which 
means other mechanisms might also be in- 
volved in the regulation of PI3K/AKT/mTOR 
activity, such as posttranscriptional regulation 
of the components expression, which involves 
microRNAs (miRNAs). In this paper, we provide 
important evidence in support of miR-99a func-
tioning as a tumor suppressor through dual-
suppressing the PI3K/AKT/mTOR signaling pa- 
thway in EC.

MiRNAs are a kind of single-strand, non-coding 
RNA molecules composed of 18-24 nucleo-

tides, which were proven to regulate gene 
expression during posttranscriptional stages 
[28]. Currently, accumulating studies reported 
the important role of miRNAs in the initiation 
and progression of EC [29], among of which, 
miR-99a is an intriguing member. MiR-99a 
gene located at chromosome 21, trisomy of 
which is one of the most common chromosom-
al aneuploidy in live born infants [30]. It has 
been associated with various disease states, 
and increasing epidemiological data in humans, 
as well as many in vitro investigative reports 
have suggested a strong link between miR-99a 
and cancer suppression. Previous reports have 
described a growth-suppressive effect of miR-
99a on bladder, cervical and gastric cancer 
cells [21, 22, 31]. Although miR-99a has been 
shown to have a strong association with the 
overall survival of EC [24], the direct role of 
miR-99a in endometrial cancer progression 
and the signaling pathways might been invol- 
ved have never been deciphered. Thus, in the 
present study, the expression of miR-99a in EC 
tissues was investigated. Consistent with their 
study, our study found the expression of miR-

Figure 6. MiR-99a inhibits EC growth in vivo. A. Graphic representing tumor volumes at the end of the experiment 
for mice treated with miR-99a mimic or scramble mimic. Four mice per group; B. Tumor volume averages between 
scramble and miR-99a mimic treated mice groups at the indicated days during the experiment; C. Tumor weight 
averages between scramble and miR-99a mimic treated mice groups at the end of the experiment (28 days); D. 
Quantitative RT-PCR analysis showed the relative expression of miR-99a in injected tumor tissues (normalized to 
U6); E. Representative images of the immunohistochemistry analysis of AKT1, mTOR and caspase-3 in tumors from 
xenograft mice. Data are presented as means ± SD. Statistical analysis was carried out using ANOVA. **P<0.01.
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99a is significantly decreased in 47 EC speci-
mens compared with adjacent normal tissues, 
and the lower level was positively related to the 
differentiation degree of tumors, suggesting 
that miR-99a may be involved in the progres-
sion and differentiation of EC. Moreover, we 
found that overexpression of miR-99a in EC 
cells induced a complex phenotype, namely an 
inhibition of cell proliferation, block of G1/S 
phase transition, induction of cell apoptosis, 
and suppression of cell invasion. These results 
shown here demonstrate that miR-99a could 
suppress the carcinogenesis of EC in vitro. 
Additionally, over-expression of miR-99a ame-
liorated the progression of EC in an established 
experimental xenograft model, which further 
suggests miR-99a could suppress the carcino-
genesis of EC in vivo. Based on the data men-
tioned above, it provides the strong evidence 
that miR-99a acts as a tumor suppressor in EC.

Since miRNAs regulate multiple mRNAs, it is 
important to explore whether the putative tar-
get genes, AKT1 and mTOR, were both involved 
in miR-99a-mediated tumor suppression. The 
prediction program identified the putative bind-
ing sites of miR-99a in the 3’UTR of AKT1 and 
mTOR. Further luciferase assays, accompanied 
with mRNA and protein assays validated these 
sites perform function, i.e. through transfection 
with miR-99a, the mRNA and protein levels of 
both AKT1 and mTOR could be consistently 
down-regulated in EC cells, suggesting their tar-
get role of miR-99a. Moreover, to further ex- 
plore the relationship between miR-99a and 
both genes, we picked up another 16 pairs of 
fresh EC tissues and further analyze the rele-
vance of their expression. Both AKT and mTOR 
were found to be negative related with the 
expression miR-99a in the EC tissues. These 
results comprehensively demonstrated the tar-
get role of AKT1 and mTOR of miR-99a in EC, 
which means that miR-99a inhibition might, at 
least partially, mediate the overexpression of 
PI3K/AKT/mTOR signaling pathway through tar-
geting AKT1 and mTOR in EC, apart from the 
traditional regulative pathway of mutation.

Currently, different strategies for the pharma-
cological manipulation of miRNAs have been 
carried out in preclinical animal models [32]. 
For example, local injection of anti-miR-21 
reduced the growth of breast cancer xenogra- 
fts and restored trastuzumab sensitivity by 

increasing PTEN expression [33]. In addition, 
systemic delivery of a miR-34a mimic, the first 
miRNA in phaseI clinical trials, decreased the 
tumor burden in a murine model of NSCLC [34]. 
Herein, we also detected the effects of miR-
99a mimic on the tumor growth of EC xenograft 
mice. We found that miR-99a significantly inhib-
its the growth of EC tumors. Immunochemical 
analysis of xenograft carcinoma tissues dem-
onstrated negative regulation of AKT1 and 
mTOR by miR-99a, suggesting that administra-
tion of miR-99a mimic to EC patients may pro-
vide a novel EC therapeutic strategy aimed at 
preventing EC development partially through 
the dual-suppressing of PI3K/AKT/mTOR sig-
naling pathway. However, as a particular 3’-UTR 
may contain binding sites for several different 
miRNAs and a single miRNA may have several 
target genes, there will be a critical need for 
cell-specific miRNA delivery in different cancer 
contexts. Moreover, more experiments are war-
ranted to explore whether exogenesis of miR-
99a alone or combined with other pathway 
inhibitors performs more effective function. 

Taken together, our results establish a func-
tional link between miR-99a and AKT1/mTOR 
expression in endometrial cancer. Restoring 
miR-99a function could represent an alterna-
tive approach to reduce therapeutically AKT1 
and mTOR expression, thereby attenuating 
aggressive tumor properties in vitro and in vivo. 
Collectively, this finding not only helps us under-
stand the molecular mechanism of endometrial 
carcinogenesis, but also gives us a strong ratio-
nale to further investigate miR-99a as a poten-
tial biomarker and therapeutic target for EC.
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