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Abstract

Tumor associated macrophages (TAMSs) exert tumor-promoting effects. There have
been reports that Estrogen receptors (ERs) are expressed on the infiltrating
macrophages of endometriosis, ovarian cancer and lung cancer. However, the role of
ERs in macrophages is not well characterized. In this study, we first identified that
ERa expression on the macrophages of human endometrial cancer was positively
correlated with cancer progression. Conditioned medium from selective ERa
agonist-treated M2 macrophages induced the epithelial to mesenchymal transition
(EMT) in endometrial cancer cells. However, this effect can be inhibited by ERa
antagonist. Here, we showed that macrophages ERa-engaged abundantly produced

CCL18, and its expression promoted the invasion of endometrial cancer cells by
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activating the ERK1/2 pathway, whereas suppressing CCL18 abrogated these effects.
Furthermore, we initially identified that CCL18 derived from TAMSs upregulated
KIF5B expression to promote EMT via activating the PIBK/AKT/mTOR signaling
pathway in endometrial cancer. Overall, our findings show how ERa-engaged
infiltrating macrophages initiate chronic inflammation and promote the aggressive
progression of endometrial cancer cells. ERa-positive TAMs act as drivers of

endometrial cancer, which may become a potential therapeutic target.

INTRODUCTION

Recent studies of endometrial cancer have revealed that chronic inflammation
participates in tissue remodeling of the tumor microenvironment, thus promoting
tumor growth, invasion and angiogenesis.™ 2 The periodic damage and repair process
of the endometrium is regarded as chronic inflammation response. Consequently, the
obvious and persistent inflammatory microenvironment in endometrial cancer plays
decisive roles in tumor progression.®** Tumor associated macrophages (TAMs)
account for about 50% of the immune cells infiltrated within tumor
microenvironment.”> Macrophages are derived from monocytes and exhibit two distinct
phenotypes: M1 (activated by IFN-r and LPS) and M2 phenotype (stimulated by IL-4
and IL-13). M1 macrophages predominantly play roles in antigen presentation and

killing of pathogenic microorganisms, while the M2 phenotype exerts pro-tumoral
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effects. TAMs participate in tumor progression via the secretion of an array of
cytokines, chemokines and growth factors.®® Currently, it remains unclear how TAMs

play roles in endometrial cancer progression.

CCL18 is predominantly secreted by M2 macrophages. The upregulation of CCL18 in
M2 macrophages has been discovered in several inflammatory diseases. In addition,
CCL18 overexpression has been observed in the macrophages of several tumors,
including ovarian cancer, gastric cancer and glioma. Furthermore, CCL18 promotes

the epithelial mesenchymal transition (EMT) mediated-metastasis in breast cancer.®*?

Epithelial properties can transform into mesenchymal phenotypes, allowing the
epithelium to acquire motile and invasive behaviors, which is named as EMT."
Substantial evidence verifies that kinesin superfamily (KIF) participates in the
development of cancers.”® KIFs are involved in functions related to cellular motility,
such as the transport of macromolecules. There are three subtypes of KIF5, including

KIF5A, KIF5B, and KIF5C. KIF5 is also involved in the transport of mitochondria.*®

The PI3K/AKT/mTOR signaling pathway is overactivated in many tumors and
participates in cancer invasion."” The mTOR is a large serine/threonine protein kinase,

including two distinct complexes: mTORC1 and mTORC2. The inhibition of mTOR
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has been used as first-line therapy for advanced stage ovarian cancer patients in

clinical trial.*®

Recent discoveries have identified that estrogen plays a potential immunoregulatory
role in the tumor microenvironment.’® There are two classical estrogen receptor
subtypes, namely, ERa and ERP. Reports have indicated that estrogen induces the
polarization and infiltration of M2 macrophages in breast cancer.?’ Estrogen stimulates
tumor cell proliferation by promoting M2 macrophage secretion of IL-17A in
endometrial cancer.”* However, it is not clear whether the effect of macrophages on

endometrial cancer occurs through the modulation of ERs.

Numerous studies have revealed that tumor cells interact with stromal cells within
microenvironment and initiate tumorigenesis.??> We hypothesize that estrogen may
interact with macrophages to participate in the development of endometrial cancer. In
this research, we study the effect of ERa positive macrophages on the development of

endometrial cancer and further investigate the underlying molecular mechanism.
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RESULTS

The number of ERo” macrophages in tumoral tissue correlates with the clinical

stage of endometrial cancer

CD68-positive macrophages were detected in 56 out of the 85 (65.8%) endometrial
cancer specimens. The mean number of CD68" macrophages in endometrial cancer
tissue was higher than that in normal tissue (P < 0.001, Figure la). CD68"
macrophages in tumor specimens were classified into three groups: nest macrophages,
stroma macrophages and margin macrophages (Figure 1b). The density of stroma or
margin CD68" macrophages was remarkably higher than that of nest macrophages (P
< 0.001, P < 0.001, respectively). There was no difference in the CD68" macrophage
density between the stroma group and the margin group (P > 0.05, Figure 1c).
Furthermore, we found out the number of CD68" macrophages in the tumoral stroma
was correlated with lymph node metastasis and FIGO stage of endometrial cancer

(Table 1).

Because endometrial cancer is an estrogen-related tumor, we estimated ERa
expression in the epithelial and stromal compartments of endometrial cancer. The ERa
expression score of the epithelial and stromal compartments was lower in the
advanced stage (stage 3-4) group than in the early stage (stage 1-2) group. This result

implies a negative association between ERa expression in the epithelial and stromal

This article is protected by copyright. All rights reserved.



compartments and the FIGO stage of endometrial cancer (P < 0.001, Figure 1d). In
addition, we found that ERa was expressed on the macrophages of endometrial cancer
tissue (Figure 1f; Supplementary figures l1a, b). The tissue with ERa'CD68"
macrophages accounted for 46.4% of those with CD68" macrophages in tumor
specimens, and only 21.4% of those in normal tissues (P < 0.05, Figure le).
Unexpectedly, the percentage of tissues with ERa’CD68" macrophages in the
advanced stage group (73.9%) was notably higher than that in the early stage group
(27.3%) (P < 0.01, Figure 1g). These data implied that ERa" macrophages in
endometrial cancer were positively correlated with the progression of endometrial

cancer.

M2 macrophages treated with ERa agonist induced EMT in endometrial cancer

cells via CCL18

To verify that ERa on macrophages are involved in the progression of endometrial
cancer, we performed an array of in vitro assays. When treated with CM from ERa
agonist (PPT)-stimulated M2 cells (M2-PPT-CM), the number of migrating Ishikawa
cells increased almost 2-fold compared with the control, while the effect of PPT was
counteracted by the ERa antagonist (MPP) in Ishikawa cells (Figures 2a, b). The
results of the wound healing assay were in accordance with those of the Transwell

assay (Figures 2c, d). A 3D invasion assay was performed to examine the effect of
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M2-PPT-CM on the invasion of endometrial cancer cells. Ishikawa cells cultured with
M2-PPT-CM formed longer invasive projections compared with control cells.
Similarly, MPP reversed the effect of PPT on invasion (Figures 2e, f). To confirm
these findings, we investigated the effect of M2-PPT-CM on the characterization of
cell morphology and the microtubule and actin cytoskeleton. Compared with the
control, the cell morphology of Ishikawa treated with M2-PPT-CM appeared irregular
and longer, and the microtubule and actin cytoskeleton appeared more organized and
had directionality, indicating that microtubules may be more dynamic. Blocking ERa
with MPP, the actin cytoskeleton and microtubules appeared less organized, and the
irregular cell morphology change was reversed (Figure 2g). The expression of EMT
markers was examined by Western blotting and qRT-PCR, and the expression of the
epithelial marker (E-cadherin) in Ishikawa treated by M2-PPT-CM were significantly
decreased, while mesenchymal markers (N-cadherin, Vimentin) and transcription
factor Twistl were significantly upregulated. The effect of M2-PPT-CM on EMT
markers expression could be partially reversed by blocking ERa with MPP (Figures
2h-j). Thus, the CM from ERa agonist-treated M2 macrophages induced EMT and

promoted the migration and invasion of endometrial cancer cells.

Previous studies have shown the relationship between CCL family members and EMT
in various tumors. Then, we investigated the ERa-mediated chemokine and cytokine

profiles in M2 macrophages. The mRNA level of CCL18 increased nearly 12-fold in
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the PPT-treated group compared with that in the control and blocking ERa with MPP
reversed the PPT-induced CCL18 upregulation (Figure 3a). To confirm the above data,
we performed ELISA to examine the CM from PPT- or MPP-treated M2 cells. The
secretion of CCL18 protein in the PPT-treated group significantly increased nearly
2-fold compared with the control, and MPP inhibited PPT-induced CCL18
upregulation (Figure 3b). However, the mRNA and protein levels of IL-1p, IL-6,
IL-10, IL-12 and MCP-1 were not affected by the CM from PPT or MPP-treated M2

cells (Figures 3a, b).

In addition, we investigated the molecular mechanism underlying the ERa
agonist-induced CCL18 secretion in M2 macrophages. We found that PPT increased
the p-ERK1/2 protein levels of M2 macrophages in a time-dependent manner and the
activation peaked at 2 h after PPT treatment. However, there was no influence on the
total ERK1/2 protein levels of M2 macrophages incubated with PPT (Figures 3c, d).
PPT-induced ERK1/2 phosphorylation was reversed by MPP, indicating that the
activation of p-ERK1/2 was dependent on ERa (Figures 3e, f). Moreover, the inhibitor
of ERK1/2 remarkably counteracted PPT-induced CCL18 secretion (Figure 3g). The
above data suggested that the ERa agonist induced CCL18 secretion by activating the

ERK1/2 pathway.
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Then, we identified the effect of CCL18 secreted by TAMs on the progression of
endometrial cancer. Treatment with recombinant CCL18 (rCCL18) for 12 h promoted
the migration and invasion of Ishikawa cells in a dose-dependent manner (Figures
4a-f). The morphology of Ishikawa cells incubated with rCCL18 appeared irregular
and longer, and the microtubule and actin cytoskeleton appeared more organized and
had directionality (Figure 4g). These changes of morphology are consistent with the
EMT. The expression of E-cadherin in Ishikawa cells treated with rCCL18
significantly decreased and N-cadherin, Vimentin and Twistl were significantly
upregulated in a dose dependent manner compared with the control (Figures 4h-j).

Therefore, rCCL18 induced the EMT in endometrial cancer cells.

We further investigated whether CCL18 was involved in ERa agonist-treated
M2-induced EMT in endometrial cancer cells. An anti-CCL18 antibody was employed
to neutralize the effect of CCL18 in M2-PPT-CM. We found that the effect of
M2-PPT-CM on the migration and invasion of Ishikawa was abrogated by the
anti-CCL18 antibody (Figures 2a-f). Furthermore, the changes of cell morphology and
microtubule and actin cytoskeleton status induced by M2-PPT-CM were also reversed
by CCL18 antibody (Figure 2g). The expression change of EMT markers induced by
M2-PPT-CM was also counteracted by the CCL18 neutralizing antibody (Figures 2h-j).
Similarly, M2-PPT-CM also induced the EMT in KLE cells by CCL18 secretion,

which was in accordance with that in Ishikawa (Supplementary figures 2a-h). We also

This article is protected by copyright. All rights reserved.



treated endometrial cancer cells with ERa-agonist or antagonist directly, and the data
showed that ERa-agonist or antagonist did not affect the expression of EMT markers
in Ishikawa and KLE cells (Supplementary figures 3a, b), indicating that ERa-agonist
or antagonist has no direct effect on the EMT of endometrial cancer cells. Here, we
first identified that ERa agonist-treated M2 induced the EMT of endometrial cancer

cells via CCL18.

Human peripheral blood monocytes-derived M2 macrophages treated with ERa

agonist induced EMT in endometrial cancer cell Ishikawa

ERa was also expressed on human peripheral blood monocytes (PBMC)-derived
macrophages (Supplementary figures 4a, b). ERa agonist could stimulate the secretion
of CCL18 in PBMC-derived M2 macrophages. PBMC-derived macrophages treated
with ERa agonist induced EMT and promoted the migration of Ishikawa cells and the
effect was reversed by anti-CCL18 neutralization antibody, which was in accordance
with the results that used the CM of THP1-derived M2 macrophages (Supplementary

figures 4c-g).
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rCCL18 and CCL18 from ERo agonist-treated M2-CM induced the EMT of

Ishikawa cells via KIF5B

KIFs play important roles in tumor migration and invasion. However, the roles of
KIFs in the progression of endometrial cancer are not well characterized. We
investigated whether CCL18 induced EMT in Ishikawa cells via KIFs. Treatment of
Ishikawa cells with rCCL18 for 24 h dramatically increased the mRNA level of
KIF5B in a dose-dependent manner. However, the expression of KIF1B, KIF3A and
KIF3B was not affected by rCCL18 (Figure 5a). Treatment of Ishikawa cells with
M2-PPT-CM also increased KIF5B mRNA levels compared with the control.
However, this effect could be inhibited by CCL18 neutralizing antibody (Figure 5b).
To validate whether rCCL18 or M2-PPT-CM induced EMT by KIF5B, we constructed
KIF5B-siRNA. M2-PPT-CM or rCCL18 did not influence the migration of Ishikawa
cells transfected with KIF5B-siRNA (Figures 5c-f). The effect of M2-PPT-CM or
rCCL18 on cell morphology and microtubule and actin cytoskeleton was diminished
in Ishikawa cells transfected with KIF5B-siRNA (Figures 5g, h). Furthermore, KIF5B
knockdown influenced the expression of EMT markers. The expression of E-cadherin
was increased and N-cadherin, Vimentin and Twistl were significantly decreased in
Ishikawa cells transfected with KIF5B-siRNA compared with the control (Figures
5i-k). Here, we first revealed the relationship between KIF5B and EMT. Collectively,
the above data suggested that CCL18 from M2-PPT-CM induced EMT in Ishikawa

cells by KIF5B.
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Immunohistochemistry was performed to investigate the effect of KIF5B on the
progression of endometrial cancer. KIF5B was predominantly expressed in the
epithelial compartment of endometrial cancer tissue (Figure 6a). All of the cases were
classified into KIF5B™®" and KIF5B™" expression groups. Approximately 94% of
endometrial tumor specimens were considered as highly expressing KIF5B, while only
69% in normal tissue. KIF5B expression in tumor tissue was significantly higher than
that in normal tissue (P < 0.001, Figure 6b). Furthermore, the KIF5B staining intensity
of tumor tissue was positively correlated with the FIGO stage (P < 0.01, Table 2). The
number of CD68" macrophages was positively correlated with KIF5B expression
scores in the epithelial compartment of endometrial cancer (r=0.442, P < 0.001. Figure
6¢). These results indicated that CD68" macrophage infiltration was correlated with

KIF5B expression in the epithelial compartment of endometrial cancer.

ERa agonist-treated M2 cells induced EMT in Ishikawa cells through the

PI3BK/AKT/mTOR signaling pathway

To identify the underlying signaling pathway of Ishikawa cells treated with rCCL18 or
M2-PPT-CM, we measured the protein phosphorylation level of the
PISK/AKT/mTOR signaling pathway. The p-AKT and p-mTOR protein levels in
Ishikawa cells cultured with rCCL18 for 2 h were upregulated in a dose-dependent

manner (Supplementary figures 5a, c¢). Similarly, the treatment of Ishikawa cells with
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M2-PPT-CM also increased p-AKT and p-mTOR protein levels compared with the
control. However, the effect was inhibited by 10 ug mL™ CCL18 neutralizing antibody
(Supplementary figures 5b, d). The protein levels of PI3K, AKT and mTOR in
Ishikawa cells were not affected by rCCL18 or M2-PPT-CM. To further verify
whether the excessive activation of the PISBK/AKT/mTOR pathway was related to
M2-PPT-CM-induced KIF5B upregulation and EMT in Ishikawa cells, an mTOR
inhibitor INK128 was employed. The mTOR inhibitor significantly counteracted
KIF5B upregulation induced by rCCL18 or M2-PPT-CM (Supplementary figures 5e,
f). In addition, the effect of rCCL18 or M2-PPT-CM on the migration of Ishikawa
cells was also inhibited by the mTOR inhibitor (Supplementary figures 5g-j). In
conclusion, these data indicated that rCCL18 or M2-PPT-CM induced KIF5B
upregulation and EMT in Ishikawa cells by activating the PI3BK/AKT/mTOR signaling

pathway.

DISCUSSION

In our study, the CD68" macrophage density was significantly higher in endometrial
cancer specimens than counterparts, which was consistent with a previous study.?
Macrophages are the main immune cells in the endometrium and exert multiple

biological effects following the menstrual cycle.?* Similar to a previous study,?® our

data showed that the TAM density in endometrial cancer was significantly related to
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tumor clinical stage and lymph node metastasis. Because endometrial cancer is an
estrogen-related tumor, we unexpectedly discover a negative association between ERa
expression in the epithelial and stromal compartment and the FIGO stage of
endometrial cancer. At present, researches on ERa expression and endometrial cancer
progression have inconsistent conclusions.?®%" One previous report indicated epithelial

ERa expression was negatively correlated with FIGO stage of endometrial cancer.?®

In recent years, the effect of estrogen on tumor microenvironment has attracted the
attention of many researchers.™ Studies have indicated that ERs are expressed on the
TAMs of ovarian cancer.?’ ERB is expressed on the TAMs of murine lung cancer.®
Furthermore, the human monocyte cell line THP1 and human PBMC-derived
macrophages express ERa, which are in line with previous reports.>*** Our data are
the first to validate the expression of ERa on partial of CD68" macrophages in
endometrial cancer. Interestingly, ERa” macrophages in endometrial cancer are

significantly correlated with endometrial cancer progression.

In view of the limited number of ERa™ macrophages in tumor stroma, we examined its
influence on endometrial cancer cell migration and invasion. We verified that ERa
agonist-treated THP1 or PBMC derived-M2 induced EMT in endometrial cancer cells

Ishikawa and KLE, which was reversed by an ERa antagonist. In conclusion, our data
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verified ERa in macrophages mediated the effect of neoplastic metastasis in

endometrial cancer.

Macrophages account for about 50% of the tumor stroma, and these cells promote
invasion via remolding the nearby environment.*>*® Fibroblast ERa induces CCL1
secretion and promotes bladder cancer cell invasion.®” CCL18 is correlated with tumor
progression and prognosis in ovarian, endometrial, and breast cancers.” ** CCL18
produced by TAMSs contributes to neoplastic metastasis via EMT in breast cancer.’
However, studies about the effect of CCL18 on cancer development have controversial
conclusions. In gastric cancer, high CCL18 levels predicts better prognosis®®. We first
identified that ERa agonist-treated M2 induced EMT of endometrial cancer cells via
CCL18. Furthermore, we validated that ERa agonist enhanced CCL18 secretion by the

ERK1/2 pathway in M2.

Interestingly, our immunohistochemistry results indicated that KIF5B expression in
tumor tissue was higher than counterparts and was positively correlated with the
clinical stage of endometrial cancer. KIFs participate in various physiological
activities related to celluar motility. Substantial evidence verifies that KIFs participate
in the malignant biological behavior of cancers.”>*® KIF2A and KIF2C are
overexpressed in immortalized human bronchial epithelial cells, subsequently promote

EMT in cancer cells.** KIF5B upregulation is discovered in several cancers.” In the
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present study, we first identified that KIF5B participated in the EMT in endometrial
cancer cells. Moreover, rCCL18 and ERa agonist-treated M2 cells upregulated KIF5B
expression in Ishikawa cells, which mediated the status of the microtubule and actin
cytoskeleton and made microtubules be more dynamic, thus promoting the invasion of
endometrial cancer cells. However, KIF5B knockdown abrogated the effect of
rCCL18 or ERa agonist-treated M2 upon EMT induction. We first verified the role of
KIF5B in endometrial cancer and showed that ERa agonist-treated M2 promoted EMT

in endometrial cancer cells by KIF5B.

The PIBK/AKT/mTOR pathway is overactivated in various tumors, which contributes
to neoplastic metastasis. Research has indicated that CCL18 in the oral carcinoma
microenvironment induces EMT via the mTOR pathway.** Furthermore, inhibiting
MTORC2 could reverse EMT and inhibit the movement of cancer cells in renal cell
carcinomas.** Furthermore, in prostate cancer, inhibiting mTOR by INK128 could
decrease the invasion of cancer cells via Vimentin and Twist downregulation.*® Our
data showed that rCCL18 and ERa agonist-treated M2 cells promoted the
phosphorylation of AKT and mTOR and CCL18-induced KIF5B upregulation and
migration enhancement were partially inhibited by mTOR inhibitor INK128.
Therefore, CCL18 secreted by TAMs in the tumor microenvironment upregulated
KIF5B expression, thus promoting EMT and neoplastic metastasis by the

PI3K/AKT/mTOR signaling pathway in endometrial cancer (Supplementary figure 6).
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METHODS

Reagents and antibodies

ERa-selective agonist (PPT) and ERa-selective antagonist (MPP) were purchased
from Sigma (St Louis, MO, USA). The recombinant CCL18, anti-CCL18 neutralizing
antibody and ELISA kits were purchased from R&D (Minneapolis, MN, USA). The
Matrigel was from BD (San Diego, CA, USA). INK128 was from MCE (Monmouth,
NJ, USA). All the antibodies used in Western blotting were purchased from CST
(Boston, MA, USA). The mouse anti-CD68 antibody was from abcam (Cambridge,

UK) and mouse anti-ERa antibody was from Santa Cruz (CA, USA)

Clinical samples and immunohistochemistry

The tissue microarray (TMA) containing 85 endometrial cancer cases was obtained
from Shanghai Outdo Biotech Company (Shanghai, China). The histopathologic
characteristics include FIGO stage, grade, tumor type and growth pattern. Tissue
arrays was deparaffinized in xylene and rehydrated in an ethanol gradient. Tissues
were incubated with anti-CD68 (1:200) and ERa (1:200) overnight at 4°C and then
incubated with secondary antibodies for 1 h at 37°C. The cover slips were mounted
and evaluated for positive staining. Furthermore, double immunohistochemistry

staining (CD68 and ERa) was also performed according to the instruction of Polymer
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staining kits (DS-0001, Zhongshan, China). The slides were incubated with DAB and

GBI-Permanent Red, and then counterstained with hematoxylin.

CD68, ERa and KIF5B evaluation

Blinded review was performed independently by two pathologists. For CD68
evaluation in TMA, we counted the numbers of CD68" cells in 5 random fields at
400x magnification in each tissue core. CD68" macrophages in tumor specimens were
stratified into nest macrophages, stroma macrophages and margin macrophages.** For
double staining, CD68 was stained with yellow and ERa was stained with red. KIF5B
and ERa expression were evaluated by counting the percentage of positive cells and

scored the staining intensity.*

Cells culture

The human endometrial cancer cell line Ishikawa was kindly provided by the
Department of Pathology, Shandong University. The human endometrial cancer cell
line KLE was kindly provided by Shandong Provincial Hospital. The human monocyte
line THP1 was obtained from ATCC. All cells were cultured in phenol red-free RPMI
1640 supplemented with 10% Charcoal Stripped fetal bovine serum (FBS) at 37°C, 5%

CO,. To generate M2 macrophages, THP-1 (1x10° cells/well) was treated with 100 ng
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mL™ PMA for 6 h and then cultured with PMA plus IL-4 (20 ng mL™) and IL-13 (20
ng mL™) for another 42 h. Then all PMA, IL-4 and IL-13 were removed by a thorough
wash.* The expression of M2 markers in THP1-derived M2 macrophages is shown in
Supplementary figure 7a. M2 cells were incubated in the presence of 10 nM PPT for
24 h. The cells were also untreated or pretreated with 10 nM MPP for 30 min.*
DMSO was used as a control. Then, PPT, MPP or DMSO were removed by a
thorough washing. M2 cells were further cultured in 2 ml fresh medium for another 24

h. CM were collected respectively.

Preparation and isolation of PBMC

We isolated human peripheral blood monocytes (PBMC) from three donors using
Ficoll-Hypaque and anti-CD14 microbeads. To generate M2 macrophages,
mononuclear cells were treated with 100 ng mL™ M-CSF for 5 days and then cultured
with IL-4 (20 ng mL™) and IL-13 (20 ng mL™) for another 3 days. To generate M1
macrophages, mononuclear cells were treated with 50 ng mL™ GM-CSF for 5 days and
then cultured with LPS (100 ng mL™) and IFN-r (20 ng mL™) for another 3 days.’ The
expression of M2 markers in PBMC-derived M2 macrophages is shown in
Supplementary figure 7b. This study has been approved by the institutional review
board of Qilu Hospital of Shandong University. Informed consent was obtained from

each subject.
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Immunofluorescence of PBMC-derived M2 macrophages

Macrophages were stained with anti-CD68 (1:100) and ERa (1:50) overnight at 4°C.
The cells were incubated with secondary antibodies Alexa Fluor 488 (green
fluorescence). Nuclei was stained with DAPI (blue fluorescence). The cells were

viewed using Olympus fluorescence microscopy.

3D invasion assay

To generate 3D tumor spheroid formation, 5x10° Ishikawa cells were added to a
24-well low attachment surface plate. After 3-4 days later, compacted spheriods were
collected. Then Ishikawa spheroids were resuspended with Matrigel and evenly spread
in 24-well plates. After the Matrigel solidified, M2-PPT-CM or rCCL18 was added to
the top of the Matrigel to provide a chemogradient for the spheroids.*® M2-DMSO-CM
or PBS were used as controls. We photographed the spheroid every days for a week.
Then the longest distance of invasion was quantified with Image J from 3 random

fields (200x) for every group.
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Cytoskeleton staining assay

Ishikawa cells were seeded onto glass slides and cultured with M2-PPT-CM or
rCCL18. M2-DMSO-CM or PBS was used as a control. After 48 h, the cells were
fixed with 4% paraformaldehyde for 30 min, and permeabilized with 0.1% Triton
X-100 for 5 min. The cells were stained with anti-a-tubulin antibody overnight at 4°C.
F-actin and nuclei were stained with CytoPainter Phalloidin-iFluor 488 reagent and
DAPI nuclear stain, respectively. The slides were viewed using Olympus confocal

microscopy.

Enzymes linked immunosorbent assay (ELISA)

Cytokine or chemokine levels in M2-DMSO-CM, M2-PPT-CM and
M2-MPP+PPT-CM were measured using human ELISA kits in accordance with the

manufacturer’s instructions.

Quantitative real-time PCR

RNA was extracted using Trizol. Reverse transcriptase reactions was performed using
a gPCR RT kit. gRT-PCR was performed using SYBR Green on the LightCycler 2.0
instrument. GAPDH was used as control. The primer sequences are diaplayed in

Supplementary table 1.

This article is protected by copyright. All rights reserved.



Western blotting

Total protein was lysed with RIPA buffer containing 1% PMSF and then separated by
electrophoresis and then blotted onto P\VDF membranes, then incubated with primary
antibody overnight at 4°C, and then incubated with secondary antibodies. Finally,

immunoreactivity was detected by an ECL detection kit.

Construction of KIF5B-siRNAs

KIF5B-siRNA was synthesized with the following sequences: siKIF5B-1:
5'-GGACCUGGCUACAAGAGUUTT-3" and siKIF5B-2: 5-AACUCUUGUAGC
CAGGUCCTT-3". A nonspecific sShRNA was used as a negative control. Ishikawa
cells (3x10°/well) were plated onto 6-well plates. When the cells reached 70%
confluence, KIF5B-siRNA with Lipofectamine 2000 was transfected into the cells for

48 h.

Statistical analysis

All statistical analyses were performed by using SPSS 13.0. All experiments were
performed three times, and data were presented as the mean + SEM. Student’s t test or
Mann-Whitney U-test and ANOVA were used for statistical comparisons.

Nonparametric Spearman’s correlation was used to analyze the correlation between
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two variables and chi-square test or Fisher’s exact test were used to determine the
differences in clinicopathological parameters between different groups. P < 0.05 was

considered statistically significant.

SUPPORTING INFORMATION

Supplementary table 1. Primer sequences used in gRT-PCR

Supplementary figure 1. Immunohistochemical double staining of CD68/ERa in
endometrial tumor specimens. (a, b) Shown were two representative sections (400x).
Scale bar: 20um. CD68 was stained with yellow and ERa was stained with red.
ERa"CD68" macrophage was shown by green arrow and ERa’CD68" macrophage was

shown by black arrow.

Supplementary figure 2. ERa agonist-treated M2 cells induced EMT of KLE cells by
CCL18 secretion. (a) Transwell chamber assay of KLE cells incubated in CM from 10
nM PPT or MPP treated-M2 cells with or without 10 pg mL™ anti-CCL 18 antibody for
12 h. (b) Analysis of the mean counts of migrating cells per field. (mean+SEM,
ANOVA, 3 independent experiments). (c) Wound healing assay of KLE cells treated
the same as (a) for 24 h. (d) Quantification of wound recovery. (mean+SEM, ANOVA,

3 independent experiments). (e) Typical images of 3D spheroid of KLE cells treated
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the same as (a) for 72 h. (f) Quantification of the longest invasion distance (fold
change). (mean+SEM, ANOVA, 3 independent experiments). (g) Representative
morphology images from 3 independent experiments of KLE cells treated the same as
(a) for 48 h in bright field. (h) The mRNA level of EMT markers in KLE cells treated
as described above. (mean+SEM, ANOVA, 3 independent experiments). Scale bar: 20

um. *P < 0.05, **P < 0.01, ***P < 0.001.

Supplementary figure 3. The ERa agonist had no direct effect on the EMT markers
in endometrial cancer cells. The mMRNA level of EMT markers in (a) Ishikawa and (b)
KLE cells treated with 10 nM PPT or MPP. (mean+SEM, ANOVA, 3 independent

experiments).

Supplementary figure 4. ERa agonist-treated PBMC-derived M2 cells induced EMT
in Ishikawa cells. (a) Representative immunofluorescence staining from 3 independent
experiments of CD68 and ERa in human PBMC-derived M2 macrophages. (400x).
Scale bar: 20 um. (b) Typical images of M2 macrophages derived from PBMC in
bright field. (c) The mRNA level of EMT markers in Ishikawa cells treated with CM
from 10 nM PPT or MPP treated-PBMC-derived M2 macrophages with or without 10
ng mL™ anti-CCL18 antibody for 24 h. (mean+SEM, ANOVA, 3 independent

experiments). (d) Transwell assay of Ishikawa cells treated the same as (c) for 12 h. (e)
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Analysis of the mean counts of migrating cells per field. (mean+SEM, ANOVA, 3
independent experiments). (f) Wound healing assay of Ishikawa cells treated the same
as (c) for 24 h. (g) Quantification of wound recovery. (mean+SEM, ANOVA, 3
independent experiments). (h) Representative morphology images from 3 independent
experiments of Ishikawa cells treated the same as (c) for 48 h in bright field. Scale bar:

20 pm. *P < 0.05, **P < 0.01, ***P < 0.001.

Supplementary figure 5. CM from ERo agonist-treated M2 cells or rCCL18
promoted KIF5B expression and the migration of Ishikawa cells via the
PIBK/AKT/mTOR pathway (a, b) Representative western blotting from 3 independent
experiments of the phosphorylation level of the PI3BK/AKT/mTOR pathway in
Ishikawa cells treated with rCCL18 (10 ng mL™ and 20 ng mL™) or M2-PPT-CM in
the presence or absence of anti-CCL18 at 10 pug mL™ for 2 h. (c, d) Bar graphs
representing the relative protein expression (fold change). (mean+SEM, ANOVA). (e,
f) The mRNA levels of KIFs in Ishikawa cells treated with 20 ng mL™ rCCL18 or
M2-PPT-CM in the presence or absence of INK128 (an mTOR inhibitor, 100 nM) for
24 h. (mean+SEM, ANOVA, 3 independent experiments). (g-J) Typical images and
quantification of Transwell assay in Ishikawa cells incubated with 20 ng mL™ rCCL18
or M2-PPT-CM in the presence or absence of INK128 (100 nM) for 12 h.
(mean+SEM, ANOVA, 3 independent experiments). Scale bar: 20 um. *P < 0.05, **P

<0.01, ***P < 0.001.

This article is protected by copyright. All rights reserved.



Supplementary figure 6. The summary diagram exhibiting the interactions between
macrophages ERo and endometrial cancer cells. CCL18 secreted by macrophages
activated the PI3K/AKT/mTOR signaling pathway, which upregulates KIF5B
expression, thus promoting EMT and the migration and invasion of endometrial cancer

cells.

Supplementary figure 7. The expression of M2 markers in THP1 or human
PBMC-derived M2 macrophages. The mRNA level of CD163, CD206 and IL-10 were
increased in (a) THP1 or (b) PBMC-derived M2 macrophages compared with M1, and
the transcription of IL-6 was increased in THP1 or human PBMC-derived M1
macrophages compared with M2. (mean+SEM, *P < 0.05, **P < 0.01, ***P < 0.001,

t-test, 3 independent experiments).
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Tablel. The correlation between tumoral stroma CD68 expression and

clinicopathological parameters.

Parameter N CD68 expression of tumoral stroma  P-value
high low

Age

<57 38 16 22 0.876

>57 47 19 28

Tumor size(cm)

<35 38 15 23 0.774

>3.5 47 20 27

Lymph Node Metastasis

NO 65 24 41 P <0.001

N1-2 20 18 2

Distal Metastasis

0 72 30 42 0.763

1 13 6 7

FIGO stage

[-1I 55 22 33 0.040

[I-1v 30 19 11

Differentiation

poorly differentiated 26 12 14 0.952

moderately differentiated 48 17 31

Well differentiated 11 6 5
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Table2. The correlation between KIF5B expression and clinicopathological parameter.

Parameter N  KIF5B expression of tumor cell P-value
high low

Age

<57 38 22 16 0.812
>57 47 26 21

Tumor size(cm)

<35 38 20 18 0.735
>3.5 47 23 24

Lymph Node

NO 65 30 35 0.062
N1-2 20 14 6

Distal Metastasis

0 72 40 32 0.689
1 13 8 5

FIGO stage

[-1I 55 14 41 0.002
HI-1V 30 18 12
Differentiation

poorly differentiated 26 20 6 0.964
moderately 48 34 14
Well differentiated 11 9 2
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Figure legends

Figurel. The expression of CD68 and ERa in endometrial cancer. (a) The number of
CD68" macrophages in 85 tumoral tissue and 85 normal tissue. Each symbol
represents one tissue sample (mean+SEM, Mann-Whitney U-test) (b) Representative
immunohistochemical staining of CD68 in 85 endometrial cancer specimens
(magnification: i, 200x; ii, 200x; iii, 200x). (i) CD68" cells within cancer cell nests. (ii)
CD68" cells infiltrated the cancer stroma. (iii) CD68" cells along the invasive margin
of the tumor. (c) Mean counts of nest macrophages, stroma macrophages and margin
macrophages in 85 endometrial cancer specimens. Each symbol represents one tissue
sample (mean+SEM, ANOVA) (d) The expression score of ERa in the epithelium
plus stroma compartment in the early stage (stage 1-2) (n=55) and advanced stage
(stage 3-4) (n=30) groups of endmetrial cancer specimens. (mean+SEM,
Mann-Whitney U-test). (e) The percentage of samples with ER*'CD68" macrophages
and ER'CD68" macrophages in 85 normal specimens and 85 tumoral specimens,
respectively (chi-square test). (f) Representative immunohistochemical staining of
CD68 and ERa in two consecutive sections in 85 endometrial cancer specimens (100x;
400x). (g) The percentage of cases with ER'CD68" macrophages and ER'CD68"
macrophages cases in the early stage (n=55) and advanced stage groups (n=30) of
endometrial cancer specimens (chi-square test). Scale bar: 20 um. *P < 0.05, **P <

0.01, ***P < 0.001.
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Figure2. ERa agonist-treated M2 cells induced EMT of Ishikawa cells by CCL18
secretion. (a) Transwell chamber assay of Ishikawa cells incubated in CM from 10 nM
PPT or MPP treated-M2 cells with or without 10 ug mL™ anti-CCL18 antibody for 12
h. (b) Analysis of the mean counts of migrating cells per field (mean+SEM, ANOVA,
3 independent experiments). (c) Wound healing assay of Ishikawa cells treated the
same as (a) for 24 h. (d) Quantification of wound recovery (mean+SEM, ANOVA, 3
independent experiments). (e) Typical images of 3D spheroid of Ishikawa cells treated
the same as (a) for 72 h. (f) Quantification of the longest invasion distance (fold
change) (mean+SEM, ANOVA, 3 independent experiments). (g) Representative
confocal images from 3 independent experiments of Ishikawa cells treated the same as
(a) for 48 h. (h) Representative western blotting images of EMT markers in Ishikawa
cells treated as described above. (j) Bar graphs representing the relative protein
expressions (fold change) (mean+SEM, ANOVA, 3 independent experiments). (i) The
mMRNA level of EMT markers in Ishikawa cells treated as described above
(mean+SEM, ANOVA, 3 independent experiments). Scale bar: 20 um. *P < 0.05, **P

<0.01, ***P < 0.001.

Figure3. ERa agonist promoted CCL18 secretion in M2 macrophages by activating
the ERK1/2 pathway. (a) The mRNA levels of cytokines or chemokines in M2 cells
treated with 10 nM PPT with or without MPP. M2 was pretreated with 10 nM MPP for

30 min and then treated with PPT for 24 h. DMSO was used as a control. (mean+SEM,
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ANOVA, 3 independent experiments) (b) ELISA was used to detect cytokine or
chemokine secretion in the CM from M2 cells treated in the same manner as (a).
(mean+SEM, ANOVA, 3 independent experiments). (c) Representative western blot
from 3 independent experiments showing the time course of 10 nM PPT-induced ERK
1/2 phosphorylation. M2 was treated with PPT for 0-120 min. (d) Bar graphs
representing the relative protein expression (fold change). (mean+SEM, ANOVA). (e)
Representative western blot from 3 independent experiments showing PPT-induced
phosphorylation of ERK1/2. DMSO was used as a control. (f) Bar graphs representing
the relative protein expression (fold change). (mean+SEM, ANOVA). (g) CCL18
secretion in M2 cells treated with 10 nM PPT with or without the ERK inhibitor
PD980590. M2 was pretreated with 10 uM PD980590 for 30 min and then treated
with 10 nM PPT for 24 h. DMSO was used as a control. (mean+SEM, ANOVA, 3

independent experiments). *P < 0.05, **P < 0.01, ***P < 0.001.

Figure4. Recombinant CCL18 induced EMT in Ishikawa cells. (a) Transwell chamber
assay of Ishikawa cells treated with rCCL18 (10 ng mL™ and 20 ng mL™ ) for 12 h.
PBS was used as a control. (b) Analysis of the mean counts of migrating cells per field
(mean+SEM, ANOVA, 3 independent experiments). (¢) Wound healing assay of
Ishikawa cells treated with rCCL18 for 24 h. (d) Quantification of wound recovery
(mean+SEM, ANOVA, 3 independent experiments). (e) Typical images of 3D

spheroid of Ishikawa cells treated with rCCL18 for 72 h. (f) Quantification of the
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longest invasion distance (fold change) (mean+SEM, ANOVA, 3 independent
experiments). (g) Representative confocal images from 3 independent experiments of
Ishikawa cells treated with rCCL18 for 48 h. (h) The mRNA level of EMT markers in
Ishikawa cells treated as described above (mean+SEM, ANOVA, 3 independent
experiments). (i) Representative western blotting images of EMT markers in Ishikawa
cells treated as described above. (j) Bar graphs representing the relative protein
expressions (fold change) (mean+SEM, ANOVA, 3 independent experiments). Scale

bar: 20 um. *P < 0.05, **P < 0.01, ***P < 0.001.

Figure5. Both rCCL18 and CCL18 from ERa agonist-treated M2 cells induced EMT
in Ishikawa cells by KIF5B. (a, b) The mRNA level of KIFs in Ishikawa cells treated
with rCCL18 (10 ng mL™ and 20 ng mL™) or M2-PPT-CM in the presence or absence
of anti-CCL18 at 10 pg mL™ for 24 h. (mean+SEM, ANOVA, 3 independent
experiments). (c, d) Typical images and quantification of Transwell assay in Ishikawa
cells transfected with NC or KIF5B-siRNA and then treated with PBS or 20 ng/ml
rCCL18 for 12 h. (mean+SEM, ANOVA, 3 independent experiments). (e, f) Typical
images and quantification of the Transwell assay in Ishikawa cells transfected with NC
or KIF5B-siRNA and then treated with M2-PPT-CM or M2-DMSO-CM for 12 h.
(mean+SEM, ANOVA, 3 independent experiments). (g, h) Representative confocal
images from 3 independent experiments of Ishikawa cells are displayed. The treatment

was the same as above. (i-k) The mRNA and protein level of EMT markers in
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Ishikawa cells transfected with NC or KIF5B-siRNA. (mean+SEM, ANOVA, 3

independent experiments). Scale bar: 20um. *P < 0.05, **P < 0.01, ***P < 0.001.

Figure6. The expression of KIF5B in endometrial cancer tissue. (a) Representative
images of KIF5B expression in 85 normal tissue and 85 endometrial cancer tissue
(100x; 400x). (b) The percentage of KIF5B"" cases and KIF5B'" cases and in 85
normal and 85 tumor samples, respectively. (*P < 0.05, chi-square test). (c) The
correlation between tumoral CD68" cell numbers and KIF5B expression score in

tumor samples. (Spearman’s correlation). Scale bar: 20 pum.
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