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Abstract: Insulin resistance (IR) is an important mechanism of pathogenesis of endometrial cancer (EC) and ex-
plains the pathogenic mechanism of high risk factors including Obesity BMI (body mass index), Type 2 Diabetes
Mellitus, PCOS and so on. Relieving IR or inhibiting the function of insulin could be one of the potential therapeutic
strategies for EC, which is a PI3K-driven disease. PI3K/Akt are the central mediators for insulin/IGF1 signaling, how-
ever, the involvement of HIPPO pathway co-activators, YAP and TAZ, in insulin resistance remains to be elucidated. In
the present study, we analyzed the clinical and biological data of EC patients from TCGA and observed a correlation
between insulin resistance and EC. By comparing the expression level of IRS1/2 in obese vs non-obese patients, we
found that the most important insulin resistance relative (IRR) genes are the contributing factors to IR. Interestingly,
IRS1/2 was correlated positively with YAP/TAZ in EC patients. Knockdown of YAP/TAZ by specific SiRNA inhibited the
phosphorylation of IRS1 while increased the phosphorylation of IGFRZ1, the inhibitor of insulin signaling. Treating EC
with siYAP/TAZ, YAP inhibitor Verteporfin or metformin alone only partially inhibited the function of insulin and IGF1.
However, combination of siYAP/TAZ with metformin could completely inhibit the effects of insulin. Thus, our study
demonstrated a novel function of YAP and TAZ in the insulin resistance via IRS1/2 in endometrial cancer. Our study
also provided the rationale for the potential therapeutic treatment of EC with the combination of inhibiting YAP/TAZ

and metformin.
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Introduction

Endometrial cancer (EC) is the most common
female genital malignant tumor in developed
countries. In United States, from 2006 to 2010,
both the 5-year rate changes of incidence and
mortality of EC including all races ranked the 4"
site among cancers with rising average annual
percentage changes while ovarian cancer and
cervical cancer had falling average annual
percentage changes. EC incidence is going
to surpass colorectal cancer to take the 3rd
leading cancer site among U.S. women by 2030
[1]. This indicates it is urgent to explore the
etiological and developmental mechanisms
of EC as well as cost-effective therapeutic
strategies.

The growing incidence of EC is closely related to
multiple high risk factors. Obesity, which is
defined as a body mass index (BMI > 30 (weight
(kg)/height (m)?)), is clearly linked with an
increased risk of several types of cancer includ-

ing EC [2-6]. Waist circumference and waist: hip
ratio was also strongly correlated with EC even
after adjustment for BMI [7]. A direct associa-
tion between Type 2 Diabetes Mellitus and a
higher risk of cancer mortality independent of
obesity has been revealed [8-10]. Third, epide-
miological studies have illustrated that post-
menopausal women are at an increased risk of
cancers from exogenous estrogen replacement
without progesterone [11, 12], while polycystic
ovarian syndrome (PCOS) in premenopausal
women is very closely related to increased EC
risk [13, 14]. Women with PCOS were predis-
posed to develop EC compared to women wi-
thout PCOS [15]. Other factors include leptin
and adiponectin [16-18], the A:L (Adiponectin:
Leptin) ratio [16, 18], oral contraceptive drug
use and so on. Among these high risk factors,
obesity, PCOS, diabetes mellitus and the A:L
ratio are all closely associated with insulin
resistance (IR), which has been regarded as
one of important mechanisms that contribute
to the occurrence of Endometrial cancer [19].
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Endometrial cancer is a PI3K-driven disease
and PI3K)/Akt pathway was aberrant in more
than 90% of ECs [20-23]. In our previous work,
we have investigated the Yes-associated pro-
tein (YAP) and its homolog, the transcriptional
co-activator TAZ (aka WWTR1), which are two
key downstream effectors in the cascade of
Hippo signaling and has emerged as a major
contributor to cancer pathophysiology [24-26],
regulated the PI3K/Akt signaling. PI3K/Akt sig-
naling is the main pathway cascade of insulin/
IGF1 signaling. So, we tried to investigate the
possible interaction between YAP/TAZ and
insulin resistance in EC. In this study, firstly, we
investigated the characters of insulin resis-
tance in EC patients of TCGA and the close rela-
tionship of IRS1/2 with YAP/TAZ in patients,
and then we primarily investigated the regula-
tion of IRS1 by YAP/TAZ. Finally, we tested the
effects of combining siYAP/TAZ with metformin
in EC cell proliferation.

Methods
Reagents and materials

Antibodies for WB were obtained from Cell
Signaling Technology; IGF1 (25 ng/ml) was from
Upstate Biotechnology (Lake Placid, N.Y.) and
insulin (10 ng/ml) was from Gibco-BRL. ON-
TARGETplus SMARTpool siRNA libraries were
obtained from Dharmacon for human YAP1
(L-012200-00) and human WWTR1 (L-016083-
00). Lipofectamine® RNAIMAX Transfection
Reagent was from Invitrogen (13778150). Ver-
teporfin were ordered from Sigma. PrestoBlue®
Cell Viability Reagent was from Invitrogen
(A-13262).

TCGA data of patients

All clinical data, reverse-phase protein arrays
(RPPA) data and mRNA (RNAseq) data of
patients with endometrial cancer were down-
loaded from the TCGA Data portal (http://tcga-
data.nci.nih.gov/tcga/findArchives.htm).  The
relative statistic analyses were performed by R
statistical software and integrity pathway anal-
ysis (IPA) (http://www.ingenuity.com).

Cell culture and transient transfection

KLE and EFE184 were obtained from the
Characterized Cell Line Core Facility of the MD
Anderson Cancer Center and routinely propa-
gated as a monolayer culture with, respectively,
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DMEM F12, RPMI1640, all supplemented with
5% heat-inactivated fetal bovine serum (FBS).
Cells were cultured at 37°C in a humidified
incubator containing 5% CO,,. For siRNA knock
down studies, cells were reverse transfected
with siRNA with RNAIMAX reagent (Invitrogen)
using 4-6 x 102 cells/well in a 96-well plate or
2 x 10* cells/well of a 6-well plate for the KLE
and EFE184 cell lines.

Sulforhodamine B assay

Cells were seeded in 96-well plates and then
treated as described. The inhibition effects on
cell growth were determined using sulforhoda-
mine B (SRB) as described previously [27-29].
Adherent cells were fixed with cold (4°C) 10%
trichloroacetic acid (TCA) in a 96-well micro-
plate for 1 h at 4°C and then washed with
deionized water and air dried at room tempera-
ture. Next, 0.4% (w/v) SRB in 1% acetic acid
solution was added into each well and incubat-
ed at room temperature for 30 min; then the
cells were washed with 1% acetic acid and air
dried at room temperature. Bound SRB was
solubilized with 100-200 pl of 10 mM unbuf-
fered Tris-base solution (pH 10.5). Absorbance
was read at 540-560 nm without reference
wavelength. Each experiment was performed
at least three times in triplicate determina-
tions.

Presto blue cell viability

The cell viability was determined by PrestoBlue
cell viability reagent (Invitrogen) following the
manufacturer’s instruction. At least 4 hours
before the end of treatment time, presto blue
reagent was added and incubated for total of
72 hours and fluorescence measured (540 nm
excitation/590 nm emissions). Vehicle treated
control cell were considered as 100% viable
against which treated cells were compared.
Experiments were performed in triplicate. Data
was expressed as mean * SD of triplicate
experiments and was plotted using Graph Pad
Prism Software.

Western blots

Cells were washed twice in ice-cold phosphate-
buffered saline (PBS) and then lysed in RIPA
Lysis Buffer (Santa Cruz Biotechnology). The
resulting suspension was centrifuged for 10
min, 14,000 rpm at 4°C. The supernatant was
then collected, and the protein concentration
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Table 1. The clinic characters of 361 EC patients

was determined using a

Age <50 50-60 60-70 >70 bicinchoninic acid pro-
33(9.1%) 111(30.7%) 128(35.5%) 89(24.7%)  (€in assay kit (Thermo

BMI <25 25-30 >30 Smenfuflc). Cell I_ysaées
70(19.4%) 84 (23.3%) 207 (57.4%) were incubated with 6 x

Grade 1 5 3 SDS sample buffer for 5
min at 100°C and then

70 (19.4%) 88 (24.4%) 203 (56.2%) were run on SDS-PAGE

Stage I I i v gels, transferred to poly-
222(61.5%) 31(8.9%) 86(23.8%) 22(5.8%) vinylidene fluoride mem-

Survival year (31 death) <2 25 >5 branes, and probed with
20 (64.5%) 9 (29%) 2(6.5%) the appropriate primary

Table 2. The clinic characters of 31 dead patients

from 361 EC patients

Age <50 50-60 60-70 >70
1(3.2%) 8(25.8%) 12(38.7%) 10 (32.3%)
BMI <25 25-30 >30
7(22.5%) 7(22.5%) 17 (55%)
Grade 1 2 3
0 6(19.4%) 25 (80.6%)
Stage I Il 1 v

10 (32.3%) 2(6.5%) 12 (38.7%) 7 (22.5%)

Table 3. The IPA analysis of 779 IRR genes
from 12 pairs of EC patients and normal
women

Rank Gene T value DF P-value
1 PTS 3.96 11 0.0023
2 DBI 3.86 11 0.0027
3 NFKB1 -3.60 11 0.0042
4 IRS1 -3.47 11 0.0053
5 MAPK3 -3.46 11 0.0053
6 AQP7 -3.46 11 0.0054
7 IL6R -3.44 11 0.0056
8 GAPDH 3.43 11 0.0057
9 ESRRA 3.43 11 0.0057
10 PIK3CG -3.43 11 0.0057
11 HPRT1 3.42 11 0.0058
12 AKT1 3.40 11 0.0059
13 PRKAR1A -3.39 11 0.0061
14 CALR 3.38 11 0.0061
15 TCF7L2 -3.38 11 0.0061
16 SOD3 -3.29 11 0.0072
17 GCK -3.29 11 0.0073
18 ATM -3.28 11 0.0073
19 COX6A1 3.27 11 0.0074
20 PDGFC -3.26 11 0.0076
998

and secondary antibod-

ies. Protein bands were
detected by enhanced chemiluminescence
(ECL, GE Healthcare). The Image J software was
used for densitometry of bands.

Phospho-RTK array

The human phospho-RTK array kit was a prod-
uct of R&D Systems, Inc. Cells were transfected
with siYAP and siTAZ for 48 h and then washed
with PBS, solubilized in lysis buffer, and then
300 Ag of total protein were processed accord-
ing to the manufacturer’s protocols. Briefly,
arrays were incubated with whole-cell lysates
overnight at 4 degree with shaking and washed
with the supplied washing buffer. Arrays were
then incubated with anti-phosphotyrosine-HRP
antibodies for 2 h at room temperature on a
rocking platform shaker before incubation with
a chemiluminescent reagent and finally film
exposure.

Statistical analysis

All statistical analysis was conducted via R sta-
tistical software and GraphPad Prism version
6.0. Differences between groups of experi-
ments were examined for statistical signifi-
cance using t-test and one-way or two-way anal-
ysis of variance (ANOVA). Differences were ac-
cepted as statistically significant at P < 0.05. In
all figures, ****P < 0.0001, ***P < 0.001, **P
< 0.01, *P < 0.5, ns non-significant. Error bars
represent Mean + SD of triplicates.

Results

BMl is a high risk factor of EC and closely as-
sociated with IR

We used public TCGA (http://cancergenome.
nih.gov/) data repositories as our primary
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Figure 1. Correlation between BMI and EC grade. Correla-
D IRS1 P=0.01 tion analysis was performed by R language program with
361 EC patients. The clinic data including BMI, Grade, Stage
information and RPPA data of 361 EC patients was from the
TCGA data on CBio website. Obesityes is a high risk factor of
endometrial cancer and associated with insulin resistance
closely. A. Grade 1 and 2 (G1 and 2) patients had lower BMI
than Grade3 (G3), Unpaired t test (two tailed), P = 0.0629.
B. Stage | and Il patients had lower BMI than stage Il and
IV, Unpaired t test (two tailed), P = 0.0157. C. The IGF1 and
o Insulin signaling network in EC patients with BMI < 30 or

| ; o EC patients with BMI = 30. In blue frames with dotted line,
X ! the patients with BMI < 30 had lower IRS1/2 and PI3K level

| ! (light green color), and the patients with BMI > 30 had high-
E E er IRS1/2 and PI3K level (light red color). D. The correla-

: tion between IRS1 and BMI in 309 of 361 EC patients with

T T mRNA data of Insulin resistant related (IRR) genes. Patients
BMI<30 BMI>=30 with BMI < 30 had lower IRS1 mRNA level, P = 0.01.

a

o

1000 2000 3000 4000 5000 6000

0

source of samples. In total, we selected 361 EC were summarized in Tables 1-3. Patients were
patients with clinical information, RPPA and between 50-70 years old. 57.4% patients were
RNA-seq data. Some of clinical parameters obese (BMI > 30). 56.2% patients were grade 3
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Figure 2. IRS1/2 are the most important IRR genes associated wth the development of endometrial cancer. A. Up-
stream analysis with RPPA data of 361 EC patients through IPA software. Red color indicated up-regulation; green
color indicated down-regulation. Orange color was predicted as more activation and blue color was predicted as
more inhibition. Most up-regulated genes belong to the IRR genes. B. Regulator effects analysis with RPPA data of
361 EC patients through IPA software. CTNNB1, P38MAPK, TNF were predicted as the upstream regulators. CDH1,
NFKB1, CDH2, YAP1, IRS1, IGFBP2, JUN, FN1, MYC, CCND1, EGFR, GATA3, BCL2, CCNE1 were predicted as the
downstream targets. C. Distribution of IRS2 mRNA level according to the grade of EC. D. Distribution of IRS2 mRNA
level according to the stage of EC. E. 11 molecules including IRS1/2 are related with occurrence and development
of EC closely. The left panel showed the characters of 309 EC patients having IRR genes data, 5% (45/779) IRR
genes is associated with the distribution of BMI with P < 0.05, 40.3% (314/779) IRR genes is associated with the
degree of grade of EC with P < 0.05. 17.2% (134/779) IRR genes is associated with the degree of stage of EC with
P < 0.05. the right frame shows the 11 common IRR genes from three frames at the left side. F. IRS1/2 was the key
molecule in EC. 11 common IRR genes in 309 EC patients, 17 regulated molecules in 361 EC patients and top 20
IRR genes in 12 pairs of tumor and control samples were analyzed.

but 70.4% patients were at early stages (stage
| and Il), which might explain that BMI did not
impact the survival rate (data not shown). All

IRS1/2 is the most important IRR gene associ-
ated with EC

patients were grouped into two groups accord-
ing to BMI < 30 and BMI > 30. For grade, there
was a trend that grade 1 and 2 patients had
lower BMI while grade 3 had higher BMI (P =
0.0629) (Figure 1A). For stage, stage | and Il
patients had lower BMI while stage Ill and IV
patients had higher BMI (P = 0.0157) (Figure
1B). We also grouped the patients as described
above and performed the integrity pathway
analysis (IPA) to predict the top 50 canonical
pathways. The Insulin Receptor Signaling,
Endometrial Cancer Signaling, IGF-1 Signaling
and other signalings associated with PI3K/Akt/
MAPK pathway were in the list of the top 50
canonical pathways. Interestingly, the expres-
sion profile of IRS1/2 between obesity and
non-obesity patients were totally opposite
when we focused on the Insulin signaling path-
way and IGF-1 signaling pathway (Figure 1C).
We also performed the correlation analysis
between BMI and 779 insulin resistant relative
(IRR) genes, which were selected from the
Genecards website (http://www.genecards.
org), and the mRNA expression data of 779 IRR
genes were from TCGA. The expression of 5%
(45/779) IRR genes was closely associated
with BMI with P < 0.05, and the low expression
of IRS1 was associated with low BMI with P =
0.01 (Figure 1D).
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We performed the upstream prediction with
RPPA data of 361 EC as shown in Figure 2.
Among 43 proteins that exhibited significant
difference between obesity and non-obesity
patients, 35% of them (15/43) belonged to IRR
genes with red color in the table (Figure 2A). In
this analysis, CTNNB1, P38MAPK, TNF were
predicted as the dominant regulators, and
CDH1, NFKB1, CDH2, YAP1, IRS1, IGFBP2, JUN,
FN1, MYC, CCND1, EGFR, GATA3, BCL2, CCNE1
were predicted as the dominant targets (Figure
2B). Among these 17 dominant target proteins,
47% of them (8/17), including P38MAPK, TNF,
NFKB1, IRS1, IGFBP2, JUN, CCND1, EGFR
belonged to IRR genes. These data suggested
that the expression of IRR gene might be relat-
ed to the development of EC.

Since we found that 5% (45/779) of IRR genes
were correlated with BMI, 40.3% (314/779) of
IRR genes were correlated with the grade of EC,
and 17.2% (134/779) of IRR genes were corre-
lated with the stage of EC, we analyzed these
IRR gene information and focused on 11 impor-
tant IRR genes including IRS. We found that
IRS1 expression was significantly associated
with BMI, while IRS2 was associated with grade
and stage of EC (Figure 2C-E).

Am J Cancer Res 2016;6(5):996-1010
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TN

YAP1 IRS1 0.002 0.825 Significant
YAP1 IRS2 0.003 0.784 Significant
WWTRA1 IRS1 <-0.001 0.926 Significant

Furthermore, we compared the mRNA level of
IRR genes between 12 pairs of EC patients and
normal women. We also observed that IRS1
was one of the top 20 IRR genes associated
with the development of EC (p < 0.05) (Table 3).
Together, above data showed that IRS1/2 were
the most important IRR genes in EC develop-
ment (Figure 2F).

Correlation between IRS1/2 and YAP/TAZ in
EC

Our previous study has shown that YAP/TAZ
regulate the activity of PI3BK/Akt, which are the
central signaling molecules for insulin/IGF1 sig-
naling. Hence, we searched the CBio website to
determine if there existed a correlation between
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YAP/TAZ and IRS2 expression. Indeed, the
altered YAP1 had the high IRS1 and IRS2 mRNA
with the according P = 4.692e-4 and 2.1692-5.
The altered TAZ (WWTR1) had high IRS1 with P
= 2.623e-4 (Figure 3A-C). With the log odd
ratios, we also observed the significance of
co-occurrence between YAP1/TAZ and IRS1/2
(Figure 3D).

Regulation of IRS1 by YAP/TAZ

We used two cell lines to conduct cell-based
assays to validate our clinical observation that
there exists an association between YAP/TAZ
and IRS1. We confirmed that siYAP/TAZ de-
creased the phosphorylation of IRS1 but
increased the phosphorylation of IGFR1. First,

Am J Cancer Res 2016;6(5):996-1010
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Figure 4. siYAP/TAZ decreased the phosphorylation of IRS1 but increased the phosphorylation of IGFR1. A. KLE
cells and EFE184 cells were transfected with mock, siControl, siYAP, siTAZ and siYAP/TAZ (siY/T). At 48 h after trans-
fection, cells were collected for Western blot with the indicated antibodies. Erk2 was used as a loading control. B.
EFE184 cells were transfected with mock, siControl, siY/T. At 12 h and 24 h after transfection, cells were collected
for Western blot with the indicated antibodies. Erk2 was used as a loading control. C. In KLE cells, YAP and TAZ were
knocked down by siRNA, after 24 h, IGF1 25 ng/ml was administrated to cells for 5 min, 30 min, 60 min, 180 min.
And then, cells were collected and processed to western blotting with according antibodies. It shows siYAP/TAZ
decreased the IRS1 expression level. D. The bar graph is the densitometry of figure c, which indicates siYAP/TAZ
decreased the IRS1 expression level significantly. Statistical significance was calculated using one way ANOVA and
Dunnett’s multiple comparisons test compared with O min. *P < 0.5, ns: non-significant. E. KLE cells were trans-
fected with siYAP/TAZ. After 24 h, cells were processed to Proteome profiler phosphor-RTK antibody arrays (R&D
Systems Catalog Number ARYOO1B). Every antibody was repeated as two dots. siYAP/TAZ increased the p-IGF1R
expression, which is shown in two smallest frames.
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YAP1 and TAZ were successfully knocked down
separately and simultaneously in KLE and
EFE184 (Figure 4A). In these knockdown cells,
we found that 12 hrs of siYAP1/TAZ treatment
was enough to decrease the protein level
(Figure 4B). After 30 minutes of IGF1 stimula-
tion, total IRS1 increased significantly with P <
0.05 and the IGF1-induced up-regulation of
IRS1 level reached peak at 60 minutes. How-
ever, treating cells with siYAP/TAZ delayed the
function of IGF1 at 30 minutes (Figure 4C, 4D),
which indicates that YAP/TAZ levels in cells
inhibited the effects of IGF1, similar to what we
observed with the effect of YAP/TAZ on cell via-
bility. In addition, we also observed a strong
effect of siYAP/TAZ on the level of phospho-
IRS1. siYAP/TAZ decreased the phospho-IRS1
level significantly in the presence and absence
of IGF1 treatment (Figure 4C). Unexpectedly,
we found that siYAP/TAZ increased the phos-
pho-IGFR1 level. This increase in phospho-
IGFR1 level might represent a negative feed-
back due to the decrease of phospho-IRS1.
Furthermore, we performed the phospho-RTK
array to validate the increase of phospho-IGFR1
induced by siYAP/TAZ (Figure 4E). Indeed, siYAP
or siTAZ alone increased the phospho-IGFR1
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(data not shown), however, the combined siYAP/
TAZ showed stronger effect.

To further investigate the regulatory role of
YAP/TAZ on insulin signaling, we investigated
the effect of siYAP/TAZ insulin-induced cell pro-
liferation. We found that siYAP/TAZ could par-
tially attenuate the function of insulin and IGF1
on cell proliferation (Figure 5A). We also used
Verteporfin, a YAP inhibitor that could decrease
the protein level of YAP and TAZ [30], and
observed the abrogated function of insulin and
IGF1 (Figure 5B).

SsiYAP/TAZ enhanced the effect of metformin
on cell growth

Metformin inhibited the proliferation of both
KLE and EFE184 cells in a dose dependent
manner (Figure 6A, 6B). 1 uM metformin inhib-
ited the growth of KLE cells significantly, while
2 uM metformin started to inhibit the growth of
EFE184 cells. When cells were treated with
insulin, we observed that 2 uM was not enough
to abrogate the effects of insulin in EFE 184
cells while it was enough to inhibit the cell
growth without insulin. However, 4 uM metfor-
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Figure 6. Combining siYAP/TAZ with metformin treatment completely blocked the effects of insulin on cell proliferation. A. Cell proliferation was inhibited by met-
formin in a dose dependent manner. KLE cells were treated with metformin at 0.5 uM, 1 uM, 2 uM and 4 uM. After 48 h treatment, cell viability was measured by
SRB. Statistical significance was calculated using two way ANOVA and Sidak’s multiple comparisons test, ****P < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.5, ns
means non-significant. Error bars represent Mean + SD of triplicates. B. EFE184 were treated in a same way like KLE. Cell viability was measured by SRB. C. EFE184
were treated metformin and insulin with the according dose described in the figure. After 48 h treatment, Cell viability was measured by SRB. D. EFE184 cells were
transfected with siYAP and siTAZ. After 24 h, cells were administrated with Insulin (10 ng/ml) and metformin with the dose as shown in the figure. After 48 h, cells
were processed to SRB assay to test the cell proliferation.
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min abrogated the effect of insulin (Figure
6C). siYAP/TAZ (siY/T) alone was not efficient
enough to inhibit the effects of insulin as shown
in the first group of bars. Similarly, merformin
treatment alone at 1 uM or 2 uM did not inhibit
the function of insulin as shown in the second-
ary and third groups of bars. siYAP/TAZ (siY/T)
plus 1 uM metformin were also not sufficient
to block the function of insulin completely as
shown in the secondary group of bars. However,
we observed that 2 uM or higher concentration
of metformin plus siY/T could completely abol-
ish the effects of insulin as shown in the third
and forth groups of bars (Figure 6D), suggest-
ing that siYAP/TAZ might sensitized cells to the
effect of metformin on cell growth.

Discussion

Insulin resistance is traditionally defined as an
abnormal metabolic condition, which results in
a requirement for increased levels of insulin to
achieve a given level of metabolic activity [31].
However, insulin increased cell proliferation
and reduced apoptosis in cancer cells [32, 33],
It was reported that fasting insulin levels of
women were positively associated with EC, hy-
perinsulinemia and C-peptide levels were risk
factors of EC independent of estradiol [34, 35].
It was also reported that Insulin resistance was
positively correlated with the aggressiveness of
EC and local tumor dissemination [34, 36, 37].
Insulin resistance also increased the risk of
breast, and ovarian cancers besides endome-
trial cancers [38-40]. Therefore, strategies to
relieve insulin resistance might have a favor-
able effect on the incidence of endometrial
cancer.

As we acknowledged, insulin resistance con-
tributes to obesity, which is also one of the
strongest risk factors for EC, accounting for
about 40% of EC incidence in developed coun-
tries [41]. As the relationship between IRR
genes contributing to insulin resistance and
BMI in endometrial cancer has not been eluci-
dated so far. We utilized data from TCGA data-
base, which provides detailed information on
medical conditions as well as data about pro-
teins and mMRNA expression of patients to do
pertinent analyses via IPA platform. The large
size of this database allowed us to evaluate
whether BMI and IRR genes were differentially
associated with risk dependent on various cli-
nical parameters of the endometrial cancer,
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including stage and grade of the tumors. In
addition, we were able to evaluate the correla-
tion of IRR genes with BMI and to find the differ-
ences in canonical pathways between obesity
and non-obesity patients, and even to predict
the important regulators and targets involving
in the occurrence of EC. By virtue of these anal-
yses, it is possible to find some of the most
important molecules that could play critical
roles in development of EC. Our findings sup-
ported both obesity and insulin resistance as
two of the strongest risk factors of EC, which
are consistent with previous studies. Con-
sidering comprehensively, IRS1/2 became one
of our interested targets due to its significant
difference of expression in every comparison,
which has been described in Figure 2.

In the cascade of insulin signaling, IRS proteins
play a central role. Upon insulin binding its cog-
nate receptor at the cell surface, insulin signal-
ing begins to transmit and causes the insulin
receptor (IR) autophosphorylation and activa-
tion. The activated IR phosphorylates several
scaffold molecules including the Insulin Re-
ceptor Substrate (IRS) family of proteins. Pho-
sphorylation of IRS-1 (or IRS-2) serves to recruit
downstream effectors leading to activation of
the MAPK cascade, which promotes transcrip-
tion, and phosphoinositide 3-kinase (PI3K) cas-
cade, which promotes increased protein and
glycogen synthesis through the phosphoryla-
tion of the mammalian target of rapamycin
(mTOR) and Glycogen Synthase Kinase-3b [42-
45]. To date, four members of this family of
scaffold molecule sharing a similar structure
have been identified in mammalian cells (IRS-1
to IRS-4). Different IRS proteins functions domi-
nantly at different tissue, for example, IRS-1
functions primarily in the skeletal muscle and
fat, while IRS-2 acts mainly in liver. IRS1 plays a
key role in cancer cell proliferation and medi-
ates the resistance to anticancer drugs, while
IRS2 acts mainly in cancer cell motility and
metastasis. From this, we selected IRS1 to be
followed in the further work and expectedly we
observed insulin increased cell proliferation in
our study.

Insulin signaling deficiency inhibited the prolif-
eration and metastasis of cancer cells in vitro
and in vivo [46, 47]. Currently, there are no anti-
cancer agents that target IRS1/2, which pro-
mote us to look for the effective ways inhibiting
the activity of IRS1/2. Since we found the
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knock down of YAP/TAZ inhibited PI3K/Akt sig-
naling in EC, we were wondering whether hippo
pathway might interfere with the insulin signal-
ing, in other word, hippo pathway might be
implicated in the related diseases of insulin
resistance, which has not yet been presented
explicitly. The information provided by CBio
database that there were positive correlation
between IRS1/2 and YAP/TAZ gave us more
evidences supporting our supposition that the
function of YAP/TAZ could contribute to the
development of insulin resistance. And our find-
ings from immune blotting and cell viability
assay also provided further evidences that low
YAP/TAZ level inhibited the function of insulin
including the stimulation on cell proliferation
and phosphorylation of IRS1 Ser307.

Insulin and IGF-1 share 40%-50% homology
whilst IRa and IGF-1 receptor also share 84%
homology [48]. It is possible that insulin and
IGF-1 signaling pathways might cross talk with
each other, which contributes to EC develop-
ment. An elevated circulating IGF-1 level is an
established risk factor for different cancers
[49]. In the endometrium, estrogen could in-
crease the level of IGF-1 expression and insulin
could increase the bioactivity of IGF-1 in the
endometrium [50], however, progesterone in-
hibits IGF-1 expression and activity through
increasing the synthesis of IGFBP-1 [33], which
can explain that EC is a estrogen driven cancer
and insulin resistance could be a stronger risk
factor of EC. Unexpectedly, we found the kno-
ck down of YAP/TAZ caused the increase of
p-IGFR1 from phospho-RTK array, indeed we
have the same results from immune blotting
assay (data not shown here). We think the
effects of siYAP/TAZ on p-IGFR1 is an outcome
of negative feedback rather than cause, be-
cause we found the siYAP/TAZ abrogated the
effects of IGF1 on the cell proliferation at the
same time. Moreover, Verteporfin, which is an
inhibitor of YAP and also inhibited the function
of TAZ we proved in our previous work (data not
shown), removed the function of insulin and
IGF1, which was consistent with the results of
siYAP/TAZ. It indicated that low YAP and TAZ
level inhibited the insulin and IGF1 signaling, in
other words, hippo pathway not only controls
the size of organs or cell growth but also con-
tributes to the regulation of insulin signaling in
case insulin resistance occurs.
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Metformin is a biguanide that is a widely pre-
scribed oral medication and has been used as
front-line therapy for type 2 diabetes. Metformin
had been proved to be able to decrease the
incidence of cancer and cancer-related mortal-
ity in diabetic patients [51]. It was reported that
AMPK inhibits cancer cell growth by inhibiting
fatty acid synthesis and mTOR-induced protein
translation [52, 53]. Metformin has the ability
to activate AMPK pathway and inhibits gluco-
neogenesis to reduce the blood glucose levels
and consequently causes to the decrease of
circulating insulin concentrations [54], which
may be one explanation for metformin’s reduc-
tion of cancer risk and mortality due to relieving
hyperinsulinemia. In our study, we observed the
inhibition of cell viability induced by metformin
and the antagonism of metformin to insulin. We
also found siYAP/TAZ has a similar effects of
insulin with metformin. siYAP/TAZ with 1 uM
metformin did not remove the effects of insulin
completely, while with 2 uM metformin, siYAP/
TAZ totally got rid of the influence of insulin and
had the strongest inhibition of cell proliferation.
We did not see any evidence that siYAP/TAZ did
not impact the effect of metformin, at least it
suggested YAP/TAZ might not be the only down-
stream target of metformin, but it is not reason-
able to exclude the possibility that metformin
might affect YAP/TAZ. It indicates somehow
metformin might be more effective in patients
with low YAP/TAZ level than patients with high
YAP/TAZ level if we tend to use metformin as a
new adjuvant drug.

Altogether, we demonstrated a novel function
of YAP and TAZ in the insulin resistance via
IRS1/2 in endometrial cancer. Our study also
provided the rationale for the potential thera-
peutic treatment of EC with the combination of
inhibiting YAP/TAZ and metformin in future
work. At the same time, we need to be aware of
the selection of the population of patients upon
using metformin. The patients with low YAP/TAZ
might benefit from metformin most.
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