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Development of novel therapeutic methods targeting the driver gene STAT1 of
serous papillary endometrial cancer
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Endometrial cancer is known to have a relatively good prognostic factors
among gynecologic malignancies; however, advanced progressive type, Serous Papillary Endometrial
Cancer (SPEC), possesses chemo-refractory feature with poor prognosis and 40% recurrence rate of
cases.

In this study, we revealed STAT1 gene expression play an important role in SPEC chemo-resistance to
Cisplatin treatment. Serine phosphorylated STAT1 was a major regulator of STAT1 activity in SPEC
chemo-resistance feature. Constitutively high expression of STAT1 attenuates the tumor DNA damage,
tumor cytoplasmic accumulation and activity. We showed that STAT1 inhibition by TBB pre-treatment
increased SPEC chemo-sensitivity to Cisplatin in vitro. TBB pre-treatment followed by Cisplatin has
been proved to be effective in eradicating SPEC tumor in mouse xenograft model. Therefore, we

propose? STAT1 as a novel potential molecular targeted therapy to overcoming SPEC chemo-resistance
to Cisplatin.

Tumor Biology

Endometrial cancer Serous papillary STAT1 chemo-resistance



Endometrial cancer is known to have a
relatively good prognostic factors among
gynecologic malignancies; however,
advanced progressive type possesses high
recurrence risk and malignant
pathological features. In particular,
serous subtype, Serous Papillary
Endometrial Cancer (SPEC), has a high
metastatic potential and resistant to
chemotherapy. SPEC has a poor prognosis
with recurrence rate around 40% of cases
(Fig. 1A, Cancer Res., 2014, Int J Cancer,
2013).

Fig. 1A. Overall survival of Kyoto Endometrial Cancer
(n=63 cases)
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Recently, integrated genomic analysis
of chemo-refractory cancer attempt to
elucidate the appropriate therapeutics
drugs for better clinical management. The
Cancer Genome Atlas (TCGA) project has
been performed and classified endometrial
carcinoma into 4 categories by integrated
genomic analysis. Serous papillary
endometrial carcinoma was characterized
by 1its malignant features which is
accompanied by TP53 and PIK3CA mutation
(Nat. Genet. 2012; Nature. 2013). However,
the specific responsible pathways are
still remained unknown. Therefore, our
in-silico analysis revealed 227 SPEC
specific genes signature which were shared
between our cohort and TCGA cohort. Those
SPEC genes signature are mainly related to
the STAT1 pathway (Fig. 1B, Cancer Res.,
2014).

Fig. 1B. Specific genes signature of
Serous Papillary Endometrial Cancer (SPEC)
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We are going to elucidate the
relationship Dbetween STAT1 pathway
activity, and its potential roles in
progressive features of SPEC. Moreover, we
are going to reveal the potential roles of
STAT1 in the mechanism of anticancer drug
resistance possessed by SPEC tumor cell.
In this study, we investigated mechanisms
of tolerance to various anticancer drugs
using different  serous papillary
endometrial carcinoma cell lines with
different expression level of STAT1. We
clarified the roles of STAT1 on the
anticancer drug resistance mechanism of
serous papillary endometrial cancer by
establishing individual treatment of each
serous papillary endometrial cancer cell
line with STAT1 inhibitor.

The effectiveness of STAT1 inhibitor
on serous papillary endometrial cancer
were shown by functional inhibition
potential of this agent on the progressive
features of STAT1 overexpressed serous
papillary endometrial cancer cell lines.
We also examined the dynamic changes of
drug resistance trait and cancer stemness
in in-vitro culture system. Moreover, we
examined the effectiveness of STAT1
inhibitor in-vivoby administering it into
the tumor xenograft on mice and observe the
potential inhibition of tumor growth in
mice. These functional experiments
revealed the potential therapeutic
effects of STATL inhibitor in combination
with anti-cancer drugs in chemo-
refractory serous papillary endometrial
cancer management.

The main purpose of this study is:
Development of novel therapeutic

methods targeting the driver gene STAT1 of

serous papillary endometrial carcinoma

Serous papillary endometrial cancer is

featured by its high metastatic potential,

chemotherapy resistance and its worst
prognosis among endometrial cancer
subtypes. This study aims to:

(1) Clarify STAT1 as a driver gene which
contribute to chemotherapy resistance
in serous papillary endometrial
cancer.

(2) Elucidate STAT1 targeted therapy to
overcoming chemotherapy resistance in
serous papillary endometrial cancer.

(3) Develop novel therapeutic method
targeting STAT1 in order to develop
better clinical management of serous
papillary endometrial cancer.



This study was divided into two stages

of experiments as below.

o
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Investigation the mechanisms by which
STAT1 expression leads to platinum
resistance in  serous papillary
endometrial cancer.

We utilized SPEC cell line, SPACIL,
which is highly expressing STAT1 gene.
Since SPACIL shows resistance to
irinotecan, we examined the
possibility of involvement of DNA
damage mechanism in SPACIL chemo
resistance. We developed STAT1-
knocked down SPACIL cell line. DNA
repair mechanism was compared between
these 2 cell lines by immunostaining
and flowcytometry of DNA damage marker
as describe previously (Murai, Mol
Cell Biol, 2011) (Fig. 2A).

Fig 2A. Examination on how STAT1 expression is
associated with platinum chemoresistance.
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Furthermore, we also performed

microarray analysis of both cell lines.

In silico analysis of DNA
damage/repair signatures was carried
out. DNA damage/repair activity in
human SPEC tissue was examined based
on the signatures obtained from cell
lines microarray analysis (Fig.2B).

STAT1 activity and cellular
function is controlled by its
phosphorylation. We also investigated
in which phosphorylation site, Ser or
Tyr, is involved in the malignant
features of SPEC, using SPACIL and
other SPEC cell lines.

Investigation of therapeutic effect
of the novel STAT1 inhibitor C-188-9
against serous papillary endometrial
cancer.

At first, we performed in-vitro
functional study of STAT inhibitor
using SPACIL and its STAT1-attenuated
counterparts. A STAT1 inhibitor,
C-188-9, was administered in cell
culture system, and various
functional experiments (i.e.
proliferation assay, migration assay,
etc.) were performed to revealed the
therapeutic effect of (C-188-9

compound in SPEC (Fig.2B-1).

Next step, we performed in-vivo
experiment wusing tumor xenograft
system in immune-deficient mice.
SPACIL and 1its STATl-attenuated
counterparts  cell lines  were
inoculated subcutaneously to the
immune-deficient mice. After
xenograft tumor reached 5 mm® in size,
C-188-9 (50 ng/g BW, once daily
intraperitoneally, 5 days) and
cisplatin (doses as  describe
previously), was administered to the
mice, either as single agent or in
combination. Therapeutics effects
were defined by measuring mouse body
weight, tumor size, and safety of the
drugs (Fig. 2B-2).

Fig 2B. Examination on how STAT1 expression is

associated with platinum chemoresistance.
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(1) STAT1 expression level is associated
with serous papillary endometrial
cancer prognosis.

It has been shown already in our
previous study that STAT1 expression is
constitutive high in serous papillary
endometrial cancer. In this study, we
revealed that STAT1 expression is
associated with prognosis within serous
papillary endometrial cancer itself (Fig.
3). This finding suggests that STAT1 may

Fig 3. Association of STAT1 expression and
prognosis of serous papillary endometrial cancer
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be potential to be
therapeutics purposes.

targeted for

(2) Suppression of STAT1 expression
increase chemo-sensitivity of serous
papillary endometrial cancer cell
lines to Cisplatin treatment.

We established STAT1 knocked-out SPACIL
cell by using STAT1-shRNA transduction
system. We confirmed the successful
suppression rate of STAT1 in mRNA and
protein level. Chemo-sensitivity of
SPACIL cell to Cisplatin was increased by
STAT1 suppression. This finding was
confirmed by increasing of apoptosis rate
of STAT1 knocked-out SPACIL under
Cisplatin treatment in dose-dependent
manner (Fig.4A).

Fig 4A. STAT1 suppression increase Cisplatin
chemo-sensitivity of SPAC1L
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Furthermore, we also performed the
Cisplatin 1C50 assay and cell
proliferation assay of several serous
papillary endometrial cancer cell lines
with different status of STAT1 expression.
ARK2 cell represented highest STAT1
expression constitutively, SPACIL cell
represented intermediate STAT1 expression,
while SPEC2 represented lowest STAT1
expression within SPEC cell lines. In line
with above results, chemo-sensitivity of
SPEC cells were correlated with their
STAT1 expression (Fig.4B).

These findings suggest that STAT1 might
play an important vrole in SPEC
chemo-resistance feature.

Fig 4B. Chemo-sensitivity of SPEC cell lines are
related to STAT1 expression
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(3) STAT1 play an important role in SPEC

chemo-resistance possibly through DNA
damage/repair mechanism and Cisplatin
activity.

Next, we examined the possible mechanism
through which STAT1 suppression can play
roles in increasing SPEC  chemo-
sensitivity.

One of the classic phenomenon in
chemotherapy is the dynamic of DNA damage
and repair pathway. We performed
immunofluorescence staining of DNA damage
marker, gamma-H2AX, to see the dynamic of
DNA repair as a response of cells to chemo-
therapy stress.

Fig 5A. STAT1 suppression increased SPEC cells chemo-
sensitivity through DNA damage/repair mechanism
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Figure 5A. showed the increasing of
gamma-H2AX in SPACLL STAT1 knocked-out
cells which suggests increasing of DNA
damage under Cisplatin treatment. This
finding was confirmed by gamma-H2AX
flowcytometry assay-

Since Cisplatin therapeutics effect was
also related with the kinetic of Cisplatin
itself, therefore we also observed the
kinetic of Cisplatin by examining
Cisplatin cytoplasmic accumulation marker
status, CTR1; and Cisplatin inactivation
marker status, MT2A.

Fig 5B. STAT1 may attenuate Cisplatin
cytoplasmic accumulation or activity

As shown in figure 5B, suppression of STAT1



increased accumulation of cytoplasmic
Cisplatin by increasing CTR1 marker gene.
At the same time, STAT1 suppression also
decreasing Cisplatin inactivation by
suppressing MT2A marker gene. These
findings addressed that STAT1 also play an
important role in Cisplatin kinetic in
SPEC.

(4) Serine phosphorylation of STAT1 as a
major requlator in SPEC chemo-
resistance to Cisplatin treatment.

The active form of STAT1 in its signaling
pathways is phosphorylated STAT1. STAT1
can be effectively functional in signaling
pathway through 2 phosphorylation site,
Serine and Tyrosine.

We performed western blotting staining
of STAT1 phosphorylation status under
Cisplatin treatment of SPACIL STAT1
knocked-out and its counterpart. We
revealed serine phosphorylated STAT1
seems to be a major regulator of Cisplatin
chemo-resistance in serous papillary
endometrial cancers (Fig. 6).

Fig 6. Serine phosphorylation of STAT1 seems
to be a major regulator in chemo-resistance
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(5) STAT1 targeted therapy is potential to
overcoming Cisplatin chemo-
resistance in  serous papillary
endometrial cancer.

Our previous results above have
addressed STAT1 as an important regulator
of Cisplatin chemo-resistance in serous
papillary endometrial cancer cell lines in
vitro, which suggest STAT1 targeted
therapy might be potential to be applied
in serous papillary endometrial carcinoma
treatment. To bridging those in vitro
findings and the potential clinical
efficacy, we performed tumor xenograft in
vivo model to show the potential efficacy
of STAT1 targeted therapy using STAT1
inhibitor.

Our collaborator Dr. David. J. Tweardy
from MD Anderson Cancer Center has
invented C-188-9 as a small molecule
targeting STAT3 in various tumors. Since
STAT1 and STAT3 are closely correlated in
molecular function, we were planning to
utilize this compound as STAT1 inhibitor,
supported by Dr. Tweardy data which showed
C-188-9 was also functioned as STAT1

inhibitor. Unfortunately, during our in
vitro screening, C-188-9 did not show an
inhibition potential towards STAT1.
Moreover, we found another compound, TBB,
a CK2 (upstream regulator of STAT1)
inhibitor which is potential in inhibiting
STAT1 as a downstream of CK2.

Fig 7A. Efficacy of TBB, a CK2 inhibitor, in
increasing SPAC1L chemo-sensitivity to Cisplatin
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Figure 7A showed the inhibition effect
of TBB on STAT1 serine phosphorylation in
time dependent manner. Pre-treatment of
TBB prior Cisplatin also increased the
chemo-sensitivity of SPACIL to Cisplatin
as shown by decreasing of Cisplatin I1C50
dose after TBB pre-treatment. Apoptosis of
SPAC1L were increased by TBB pre-treatment
followed by Cisplatin.

To confirm the molecular mechanism by
which TBB increased SPACIL chemo-
sensitivity, we performed DNA damage/
repair marker immunofluorescence
staining.

Fig 7B. TBB, a CK2 inhibitor, increased DNA
damage/repair pathway in SPAC1L

As shown in figure 7B., TBB pre-
treatment followed by Cisplatin increased
the DNA damage/repair activity compared to
Cisplatin treatment only. TBB
pre-treatment also inhibit the expression
of serine phosphorylated STAT1 (as a
response of Cisplatin chemotherapy).

Fig 7C. TBB has a potential efficacy in inhibiting
SPEC xenograft tumor growth

Furthermore, we utilized SPACIL, ARK2,



and mouse serous papillary endometrial
cancer cell line, PPP (developed by our
collaborator, Dr.Daikoku), to generate
tumor xenograft mouse model. Figure 7C
showed the efficacy of TBB pre-treatment
followed by Cisplatin in vivo compared to
single Cisplatin treatment 1in tumor
xenograft models.

Taken together, our study suggested
STAT1 as a novel potential molecular
targeted therapy to overcoming SPEC
chemo-resistance to conventional
molecular targeting drugs, such as
Cisplatin.
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