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Abstract
Macrophages in tumor microenvironment have pivotal roles in tumor growth, metastasis, and

angiogenesis. We investigated the interacting mechanism of macrophage actions in human

papillary thyroid cancer (PTC). Co-cultures of macrophage/PTC significantly increased the

cancer cell migration potentials, compared with the PTC culture alone. Treatment of

conditioned medium (CM) of macrophage/PTC co-cultures enhanced cell invasions in 3D

invasion assay. Cytokine array analysis demonstrated that CM of macrophage/PTC co-cultures

contained a high level of CXCL16, while it was not found in CM of PTC culture alone. Treatment

with CXCL16 enhanced the cell migration potentials in PTC cells, and blocking CXCL16 signaling

using anti-CXCL16 antibody or metalloproteinase inhibitor (TAPI2) attenuated macrophage-

mediated enhancement of PTC cell migration potentials. In PTC cells, CXCL16 treatment or

co-cultures with macrophages increased Akt phosphorylation, and these macrophage-

dependent increases of Akt phosphorylation was inhibited by anti-CXCL16 antibody. Moreover,

Akt inhibitor attenuated macrophage-mediated increases of PTC cell migration potential.

In macrophages, treatment of macrophage/PTC co-cultured CMs up-regulated CD163, Il10, and

CD206, which were attenuated by anti-CXCL16 antibody treatment. Finally, CXCR6 and CXCL16

expressions were evaluated by immunohistochemical staining with a thyroid tissue microarray

including 136 PTC. CXCR6 expressions showed positive correlation with the density of CD163C

macrophages and associated with lymph node metastasis. In conclusion, CXCL16 signaling

partly mediated macrophage actions on PTC tumor cell invasion and also changed the

macrophage phenotypes into M2-macrophages in PTC tumor microenvironment. These data

suggested that CXCL16 signaling, a bidirectional player in macrophage-associated tumor

microenvironment, might be a potential therapeutic target of human PTC.
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Introduction
A tumor microenvironment is a heterogeneous complex

that includes immune cells, fibroblast, and endothelial

cells as well as tumor cells (Shiao et al. 2011, Cho 2013).
Macrophages are one of the major components of the

tumor microenvironment and have pivotal roles in tumor

growth, metastasis, and angiogenesis (Bingle et al. 2002,
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Mantovani et al. 2002, Ohno et al. 2003, Cho 2013).

Macrophages consist of a diverse population and have

roles in various pathophysiologic conditions including

inflammation, tissue regeneration, and cancer. Recently,

it has become generally accepted that macrophages are

schematically classified into two subtypes: classically

activated, pro-inflammatory M1-macrophages and alter-

natively activated, anti-inflammatory M2-macrophages

(Mantovani et al. 2002, Mosser 2003, Murray & Wynn

2011). In tumor microenvironment, macrophages, so

called tumor-associated macrophages (TAM), are com-

monly considered to have M2-macrophage phenotypes

characterized as having a regenerative and pro-tumoral

function, but not always (Bingle et al. 2002, Mantovani

et al. 2002). Several epidemiological and clinical studies

have shown that there are strong relationships between

the high density of macrophages and the advanced stage

or poor prognosis of various human cancers (Ryder et al.

2008, Colvin 2014, Tiainen et al. 2015, Yuan et al. 2014).

However, the opposite results have also shown that a high

density of macrophages was associated with better overall

survivals in colon (Funada et al. 2003, Zhou et al. 2010) and

thyroid (Cunha et al. 2012) cancers, suggesting that

macrophages might have wide-raging biological actions

in human cancers according to their own tumor

microenvironment.

In thyroid cancers, a few epidemiologic studies have

shown that high TAM densities were associated with poor

pathologic subtypes, bigger tumor size, or the presence of

LN metastasis (Ryder et al. 2008, Qing et al. 2012, Kim et al.

2013). Recently, several studies have been demonstrated

possible molecular mechanisms of macrophage actions in

PTCs, such as CXCL8 (Fang et al. 2014) or CSF1 (Ryder et al.

2013). The present study explored CXCL16 signaling as a

mediator of macrophages actions on PTC cell invasiveness

and demonstrated bi-directional roles of CXCL16 in

macrophage–tumor interactions.
Materials and methods

Reagents

Recombinant human CXCL16, anti-human CXCL16

neutralizing antibody, and human CXCL16 Quantikine

ELISA Kit were purchased from R&D Systems (Minnea-

polis, MN, USA). TAPI2 (a metalloproteinase inhibitor)

was purchased from Santa Cruz Biotechnology.

LY294002 was purchased from Cell Signaling (Danvers,

MA, USA).
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Cell cultures and harvesting of cell CM

For primary culture of peripheral blood monocyte/

macrophage, peripheral blood (35 ml) was collected in

50 ml conical tubes containing 15 ml of Ficoll-Paque Plus

(Amersham Biosciences/GE Healthcare, Pittsburgh, PA,

USA) and centrifuged at 750!g for 20 min at 20 8C. After

removing the upper layer, interphase cells (lymphocytes

and monocytes) were collected, mixed with 0.1% BSA, and

centrifuged at 350!g for 10 min (once) and 160!g for

15 min (twice). A total of 5!107 cells were plated on a

75 cm2 culture flask with RPMI containing 10% FBS media.

After an initial 2 h incubation, the supernatant with

non-adherent cells was discarded and, fresh media

(RPMI containing 50 ng/ml recombinant human M-CSF

and 10% FBS) were applied.

The human PTC cell line, BHP10-3 cells (passage

number ranged from 9 to 12) – a tumorigenic clone of the

BHP10-3 cell line containing the RET/PTC rearrangement,

was developed and kindly provided by Dr Soon-Hyun Ahn

(Seoul National University College of Medicine, Seoul,

Korea) and Dr Gary L Clayman (MD Anderson Cancer

Center, Houston, TX, USA) (Ahn et al. 2008). The

BRAFV600E-containing human PTC cell line, KTC1 cells

(passage number ranged from 6 to 9), was a kind gift from

Dr J K Chung (Seoul National University College of

Medicine, Seoul, Korea). Both BHP10-3 cells and KTC1

cells were authenticated by short tandem repeat (STR)

profiling analysis by Korean Cell Line Bank (Seoul, Korea).

Human normal thyrocyte, H tori cell, was obtained from

Culture Collections Public Health England (Salisbury, UK).

Human macrophage THP1 cells and human embryonic

kidney (HEK) 293 cells were purchased from ATCC

(Manassas, VA, USA) with authentication using STR assay

provided by ATCC and used at passage number ranged

from 2 to 4 respectively. All cells were cultured in RPMI-

1640 medium supplemented with 10% FBS. The cells were

seeded on 100 mm culture dishes with 3!105 cells/ml

in 10 ml of medium. After 48 h, the media from each cell

were harvested, filtered, and stored at K70 8C. Conditioned

media from BHP10-3, KTC1, H tori, THP1, or primary

monocytes single cell cultures were called BHP10-3 CM,

KTC1 CM, H tori CM, THP1 CM, and monocyte CM

respectively. Additionally, conditioned media from

BHP10-3, KTC1, and H tori cells cultured with THP1 cells

or primary monocytes were called T/BHP10-3 CM, T/KTC1

CM, and T/H tori CM, or M/BHP10-3 CM, M/KTC1 CM,

and M/H tori CM respectively. Protein expression proper-

ties were analyzed by cytokine array (#ARY007, R&D

Systems) according to the manufacturer’s instructions.
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RNA extraction and RT-PCR analysis

Primary monocytes, THP1 cells, or BHP10-3 cells were

plated and treated with indicated CM for 48 h. The cells

were washed, and the mRNAs were harvested with Trizol

(Invitrogen, Carlsbad, CA, USA). RT-PCR was done with a

Perkin-Elmer GeneAmp PCR System 9600 (Waltham, MA,

USA). The PCR primer sets are listed in Supplementary

Table S1, see section on supplementary data given at the

end of this article.
Cell viability and migration study

For the cell viability study, cells were seeded onto a 96-well

tissue culture plate with 100 ml of medium with 1!104

cells/ml. After 12 h, cells were cultured with primary

monocytes, THP1, or HEK293 cells for 48 h, and a CCK8

assay was performed (Dojindo, Kumamoto, Japan). CCK8

solution (10 ml) was added to each well, and after a 6 h

incubation, absorbance at 450 nm was measured with a

microplate reader (Bio-Rad).

To evaluate the cell migration potential, the mono-

layer wound healing assay was performed as previously

described (Cho et al. 2014). Briefly, for the monolayer

wound healing assay, BHP10-3 cells were plated for 12 h,

and primary monocytes or THP1 cells were co-cultured

with M-CSF containing RPMI-1640 medium for next

12 h. A scratch was made through the cell monolayer

with a pipette tip, and cell migrations were observed

for 24 h. For inhibition study, BHP10-3 cells were plated

with or without THP1 cells, and a rake wound was

generated. The THP1(K) group was treated with CXCL16

(0.5 ng/ml) with or without LY294002 (10 mM), and the

THP1(C) group with the neutralizing antibodies of

CXCL16 (100 mg/ml), TAPI2 (100 mM), or LY294002

(10 mM). Cell migration lengths were measured at

24 h after rake wound generation. The length of

migration was measured from the baseline of the scratch

to the edge of the migration at least five different point

in each well.

For transwell migration assay, 8 mm pore-size

polycarbonate membrane (Corning, NY, USA) was used.

Membrane was pre-coated with gelatin, and the inserts

were placed into a 24-well plate. The upper and lower

chambers were plated with primary monocytes or

THP1 cells and BHP10-3 or KTC1 cells respectively.

After 6 h, non-migrating cells were removed from the

surface of the upper membrane with a cotton-tipped

applicator and the inserts were stained with 1% crystal

violet solutions.
http://erc.endocrinology-journals.org q 2016 Society for Endocrinology
DOI: 10.1530/ERC-15-0196 Printed in Great Britain
3D invasion assay

3D invasion assay was performed on BHP10-3 or KTC1

cells, using Cultrex 3D Spheroid Cell Invasion Assay

(Trevigen, Inc., Gaithersburg, MD, USA). Briefly, 3!103

cells were dispensed in 50 ml of Spheroid Formation ECM

per well and incubate at 37 8C for 72 h. Working on ice,

50 ml of Invasion Matrix were added to each well and the

plate was incubated at 37 8C for 1 h. After gel formation,

100 ml of indicated CMs were added to each cell: M/H tori

or M/BHP10-3 CMs to BHP10-3 cells, and M/H tori or

M/KTC1 CMs for KTC1 cells. After 4 days of incubation at

37 8C, invasions were observed under microscope using

the 4X objective, and spheroid images were analyzed by

ImageJ (http://imagej.nih.gov/ij/index.html).
Immunofluorescence staining

Cells were plated on glass coverslips and treated with

M/BHP10-3 or M/H tori CMs for 48 h. Cells were fixed

with 4% paraformaldehyde after washing and applied

with 0.05% Triton X-100 for permeabilization. After

blocking with 10% BSA solution, cells were incubated

with rabbit anti-CXCL16 antibody (dilution ratio 1:100,

cat #ab101404; Abcam) for 12 h. Alexa Fluor 594 goat anti-

rabbit antibody (dilution ratio 1:500; Molecular Probes,

Grand Island, NY, USA) was used as secondary antibody.

Cell nuclei were stained with nuclear binding 4’,6-

diamidino-2phenylindole (DAPI) dye. Fluorescence

analyses were performed with a spinning disk confocal

microscope (Carl Zeiss, Jena, Germany) using the target

activation assay algorithm as a part of the Cellomics

Arrayscan VTI platform (Cellomics, Pittsburg, PA, USA).
Western blot analysis

BHP10-3 cells were treated with CXCL16 (0.5 ng/ml) or

co-cultured with THP1 cells following anti-CXCL16

(100 mg/ml) or LY294002 (10 mM)-treatment. After 48 h,

cell lysates were harvested. Anti-mTOR (dilution ratio

1:500, #2972; Cell Signaling), anti-pAkt (dilution

ratio 1:2000, #9102; Cell Signaling), anti-Akt (dilution

ratio 1:2000, #4370; Cell Signaling), and anti-GAPDH

antibodies were used.
Study subjects and construction of tissue microarrays

Thyroid tissue microarrays were constructed as previously

described (Cho et al. 2014). Briefly, human thyroid tissues

were obtained from January 1993 to December 2003
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surgical pathology files from the Departments of Path-

ology at Seoul National University Boramae Medical

Center and Seoul National University Hospital. Hemato-

xylin and eosin (H&E) stained thyroid tissues were

examined by two different pathologists with slides, and

a single, appropriate paraffin block (donor block) was

selected for each case. Core thyroid tissue biopsies (2 mm

in diameter) were taken from individual paraffin-

embedded thyroid tissue donor blocks. The final four

tissue arrays consisted of samples from patients with

various thyroid tissues including 136 PTC samples. All

experimental procedures were done in accordance with

the guidelines proposed in The Declaration of Helsinki

(http://www.wma.net) involving humans. Moreover, all

experiments were approved by the institutional review

boards of Seoul National University Hospital (1107-060-

369) and Seoul National University Boramae Medical

Center (06-2010-176).
Immunohistochemical staining

Immunohistochemical analysis for CD163 (Cell Signaling;

diluted 1:1000), CXCR6 (R&D system; diluted 1:250), and

CXCL16 (Abcam; diluted 1:1000) were done on formalin-

fixed, paraffin-embedded tissue sections with the Bench-

Mark XT automated immunohistochemistry slide staining

system (Ventana; Tucson, AZ, USA), according to the

manufacturer’s instructions. To analyze immuno-

reactivities, the core areas of tumors were divided into

quarters, and five areas were randomly chosen from each

quarter and central area. Under 400! magnification,

CD163C or CXCR6C cells were counted by two different

medical doctors including one pathologist and expressed

as the number of cells per 103mm2 section area. The

immunohistostaining intensity of CXCL16 was scored

from 0 to 3, at a 400! magnification, and the percentage

of positive cells were calculated as: 0, !5%; 1, 5–25%;

2, 25–50%; 3, 50–70%; 4, more than 75%, at a 100!

magnification. The final score, 0–3, was defined as the sum

of the intensity and percentage.
Statistical analysis

For analysis of continuous variables, means and

standard errors were calculated. After the distribution

normality was determined with the Kolmogorov–Smirnov

test, the Kruskal–Wallis test with the Mann–Whitney

U test or a one-way ANOVA with post-hoc analysis was

applied to the data. For analysis of the categorical

variables, frequencies and percentages were determined.
http://erc.endocrinology-journals.org q 2016 Society for Endocrinology
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Proportions were compared with the c2 test or Fisher’s

exact test. Statistical analysis was done with SPSS version

19.0. All P values were two-sided, and a P!0.05 was

considered statistically significant.
Results

Macrophage supported PTC cell invasions

To investigate the effects of macrophages on PTC cells, cell

viability and migration studies were performed in PTC and

macrophage co-culture system. First, two different PTC

cells, BHP10-3, and KTC1, were cultured with primary

monocytes or THP1 cells, and cell viability were evaluated.

CCK8 assay shows that there was no significant difference

in cell viabilities (data not shown).

Next, cell migration assays were performed using

wound healing assay and transwell system. Wound healing

assay showed that co-cultures with primary monocytes

(Fig. 1A) or THP1 cells (Fig. 1B) had a significant

enhancement in cell migrations at 24 h in the BHP10-3

cells. Transwell migration assay also demonstrated 2.8- and

1.7-fold increases of tumor cell migrations in co-cultures of

primary monocytes and THP1 cells respectively (Fig. 1C).

KTC1 cells co-cultured with primary monocytes showed

similar results comparable with BHP10-3 cells (Fig. 1D).

Furthermore, 3D invasion assay was performed using CMs

from co-cultures of monocyte and PTC cell lines. CM form

co-cultures of monocyte and human normal thyrocyte,

H tori cell was used as control. As shown in Fig. 1E and F,

M/BHP10-3 CM increased BHP10-3 cell invasion compared

with M/H tori CM (Fig. 1E), while M/KTC1 CM showed

no effects on KTC1 cell invasion (Fig. 1F).

Subsequently, the potential mediators of the macro-

phage effects on tumor cell migrations were explored. CMs

from H tori, BHP10-3, KTC1 cultured with or without

primary monocytes or THP1 cells were analyzed with

cytokine array analysis. A total of 55 proteins related to

tissue growth and angiogenesis were screened, and

CXCL16 expression was up-regulated in both T/BHP10-3

CM, M/BHP10-3 CM, T/KTC1 CM, or M/KTC1 CM

compared with the T/H tori CM, M/H tori or to the CMs

from single cell cultures (primary monocyte, H tori,

BHP10-3, THP1, or KTC1). ELISA assay confirmed that

CXCL16 levels were only present in CMs from T/BHP10-3

(230G24 pg/ml), M/BHP10-3 (325G32 pg/ml), T/KTC1

(32G6 pg/ml), and M/KTC1 (109G12 pg/ml) (Fig. 2A).

To explore the cellular origin of CXCL16 production,

immunofluorescence staining with anti-CXCL16 antibody

was performed. Treatment with M/BHP10-3 CM increased
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Figure 1

Macrophage supported PTC cell migration. (A and B) BHP10-3 cells were

co-culturedwith (A)primarymonocytesor (B)THP1cellsand thewoundhealing

assay was done. Cell migration lengths were measured at 24 h after rake wound

generation. P!0.01. (C and D) Transwell migration assays were performed.

(C) Primary monocytes or THP1 cells were cultured in lower chamber and upper

chambers plated with BHP10-3 cells were inserted. (D) Primary monocytes were

cultured in lower chamber and upper chambers were plated with KTC1 cells.

After 6 h, migrated cancer cells were stained with crystal violet and calculated

using color deconvolution plugin in ImageJ program. (E and F)3D invasion assay

was performed. (E) BHP10-3 or (F) KTC1 cells were dropped into 96 well and

spheroid formation was observed for 48 h. Area of spheroids were measured

by ImageJ. P!0.05 and P!0.01. Data are shown as the meanGS.E.M. of

triplicates from two independent experiments. A full colour version of this

figure is available at http://dx.doi.org/10.1530/ERC-15-0190.
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the CXCL16 expressions in the primary monocytes but

not in the BHP10-3 cells, compared with M/H tori

CM-treatment (Fig. 2B). Furthermore, the mRNA

expression of CXCL16 and CXCR6, a membrane receptor

of CXCL16, were analyzed in primary monocyte and

BHP10-3 cells. M/BHP10-3 CM treatment significantly

up-regulated CXCR6 expressions in both primary mono-

cytes and BHP10-3 cells by threefold respectively (Fig. 2C).

BHP10-3 CM and M/BHP10-3 CM up-regulated CXCL16

by 2- and 6-fold in the primary monocytes, while

M/BHP10-3 CM alone marginally up-regulated CXCL16
http://erc.endocrinology-journals.org q 2016 Society for Endocrinology
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by 1.4-fold in the BHP10-3 cells (Fig. 2D). Collectively,

the major production of CXCL16 might come from

monocyte/macrophages in PTC microenvironments, and

both the monocyte/macrophage and PTC cells might

respond to CXCL16 through CXCR6.
CXCL16 mediated macrophage effects on

PTC cell migrations

Next, we checked the effects of CXCL16 in the interactions

between PTC cells and monocytes. Treatment of
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Figure 2

Enhanced CXCL16 expressions in PTC tumor microenvironment. (A) CXCL16

levels were measured in the CMs from H tori, BHP10-3, and KTC1

co-cultured with THP1 (T/H tori, T/BHP10-3, or T/KTC1) or monocytes (M/H

tori, M/BHP10-3, or M/KTC1). (B) Monocytes or BHP10-3 cells were treated

with M/BHP10-3 CM or M/H tori CM, and CXCL16 expressions were verified

by immunofluorescence staining. (C and D) Indicated CMs were treated

with monocytes or BHP10-3 cells for 48 h, and mRNA expressions of (C)

CXCR6 or (D) CXCL16 were analyzed by quantitative RT-PCR. P!0.05 and

P!0.01 vs H tori CM-treated monocytes, P!0.05 vs H tori CM-treated

BHP10-3 cells.
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rhCXCL16 enhanced the cell migration potential com-

parable with that of the co-culture with the THP1 cell

group, and blocking CXCL16 with neutralizing antibody

reduced the THP1 mediated increases in cell migration

potential (Fig. 3A). Treatment with TAPI2, a metallo-

proteinase inhibitor, which could inhibit the shedding

of CXCL16, also attenuated the THP1 mediated increases

in cell migration potential (Fig. 3A). Western blot

analyses showed that treatment with rhCXCL16 incre-

ased Akt phosphorylation in BHP10-3 cells and

LY294002, a selective inhibitor of PI3K/Akt, attenuated it

(Fig. 3B). Consistently, co-culture with THP1 cells also

showed increased Akt phosphorylation compared with

the BHP10-3 cell single culture and treatment of

CXCL16 neutralizing antibody or LY294002 also reduced

it (Fig. 3B).

Finally, blocking Akt signaling with LY294002 inhib-

ited BHP10-3 cell migration potentials not only in

treatment of rhCXCL-16 (Fig. 3C, upper images), but

also in co-culture with THP1 cells (Fig. 3C, lower images).
CXCL16 mediated macrophage polarization in PTC tumor

microenvironments

To investigate the macrophage phenotypes in the PTC

tumor microenvironment, primary monocytes were trea-

ted with H tori CM, BHP10-3 CM, or KTC1 CM for 48 h,

and the mRNA expressions of M1/M2-macrophage related

genes were analyzed. Interestingly, M2-macrophage

related genes, such as CD163, IL10, and CD206 were

significantly up-regulated with BHP10-3 CM or KTC1 CM

treatment than with H tori CM treatment (White columns

in Fig. 4A). Meanwhile, M1-macrophage related genes

showed different expressions: IL1b and iNOS expressions
http://erc.endocrinology-journals.org q 2016 Society for Endocrinology
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were not changed with BHP10-3 CM or KTC1 CM

treatment (Fig. 4B). Similar results were confirmed with

THP1, a human macrophage cell-line (Supplementary Fig. 1,

see section on supplementary data given at the end of

this article), suggesting that monocyte/macrophages

might have an M2-macrophage phenotype rather than

an M1-macrophage phenotype in tumor microenviron-

ments. More interestingly, blocking CXCL16 signaling

inhibited PTC CM-mediated up-regulations of CD163,

IL10, and CD206 in primary monocytes (black columns in

Fig. 4A). Treatment with CXCL16, per se, also up-regulated

M2-macrophage related genes including CD163 and

IL10, and did not affect M1-macrophage related gene

expressions such as IL1b and iNOS (Fig. 4C), which was

similar to that of CM-treatment in Fig. 4A (white columns).

Collectively, activated CXCL16 signaling supports macro-

phage polarization in tumor microenvironments.
CXCR6/CXCL16 expressions in human PTC tissues

Finally, CXCR6 and CXCL16 expressions were investi-

gated in human PTC tissues. Among 136 PTC tissues, in

the tissue microarray, 15 (10%) and 43 (30%) of them

showed cancer-dominant (Fig. 5A) and stromal-dominant

expressions of CXCR6 (Fig. 5B) respectively. Ten (7%) of

them showed cancer and stromal co-expressions of

CXCR6 (Fig. 5C). CXCL16 was also expressed in either

cancer or stromal sites: cancer dominant, nZ24 (18%,

Fig. 5D); stromal-dominant, nZ44 (32%, Fig. 5E); and

cancer and stromal co-expressions, nZ20 (15%, Fig. 5F)

respectively. To evaluate the association between CXCR6

and CXCL16 expressions, CXCR6 expressions were

divided into two groups according to the median value

of the number of CXCR6C cells (36/103mm2), low-density
Published by Bioscientifica Ltd.
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Figure 3

CXCL16 mediated macrophage effects on PTC cell migration. (A) BHP10-3

cells were plated with or without THP1 cells, and a rake wound was

generated. The THP1(K) group was treated with CXCL16 (0.5 ng/ml) and

the THP1(C) group with the neutralizing antibodies of CXCL16 (100 mg/ml)

or TAPI2 (100 mM). Cell migration lengths were measured at 24 h after rake

wound generation. P!0.05 vs vehicle of THP1(K); dP!0.05 vs CXCL16 of

THP1(K); P!0.05 vs vehicle of THP1(C). (B) BHP10-3 cells were treated with

CXCL16 (0.5 ng/ml) or co-cultured with THP1 cells. LY294002 (10 mM) was

treated to both CXCL16 treated group or THP1- co-cultured group.

Neutralizing antibodies of CXCL16 (100 mg/ml) was added to THP1

co-cultured group. Western blot analyses were performed with the anti-

pAkt, Akt, and GAPDH antibodies. P!0.05 vs VEH (1st column); dP!0.05 vs

CXCL16/VEH (2nd column); P!0.05 vs THP1 co-culture/VEH (C) BHP10-3 cells

were plated following treatment of CXCL16 (0.5 ng/ml) with or without

LY294002 (10 mM) (upper images). BHP10-3 cells were co-cultured with THP1

cells and LY294002 (10 mM) were treated (lower images). Cell migration

lengths were measured at 24 h after rake wound generation. P!0.01 vs

VEH; dP!0.05 vs LY(K) in CXCL16; P!0.05 vs LY(K) in THP1. VEH, vehicle.
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(15.8G11.8/103mm2, nZ68) and high-density (58.8G

14.0/103mm2, nZ68), and the association with CXCL16

expressions, graded by four groups, were analyzed by

Chi square test. Interestingly, high density of CXCR6

group showed higher grades of CXCL16 expressions only
http://erc.endocrinology-journals.org q 2016 Society for Endocrinology
DOI: 10.1530/ERC-15-0196 Printed in Great Britain
in cancer-dominant or cancerCstromal expression groups

of CXCR6, but not in stromal-dominant group (Table 1).

Moreover, a number of CXCR6C cells showed positive

correlations with that of CD163C cells (g2Z0.280,

P!0.001, Fig. 5G). Especially, the mean number of
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Figure 4

CXCL16 mediated macrophage polarization in PTC tumor microenviron-

ments. (A) Primary monocytes were treated with 50% CMs from H tori,

BHP10-3, and KTC1. CMs of BHP10-3 and KTC1 groups were treated with

anti-CXCL16 antibodies (100 mg/ml) simultaneously. mRNA expressions of

CD163, IL10, and CD206 were analyzed. P!0.05 and P!0.01 vs H tori CM

group (2nd column in each graph). P!0.05 vs mock in each group.

(B) Primary monocytes were treated with 50% CMs from H tori, BHP10-3,

and KTC1. mRNA expressions of IL1b and iNOS were analyzed.

(C) Monocytes were treated with CXCL16 (0.5 ng/ml), and mRNA

expressions of indicated genes were analyzed. P!0.05 vs mock;

NS, not significant. All mRNA expressions were analyzed by quantitative

real-time RT-PCR and data are shown as the meanGS.E.M. of triplicates

from two independent experiments.
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CD163C cells was significantly higher in cancer and

stromal co-expression group than others (Fig. 5H).

Next, the clinical characteristics were compared

between two CXCR6 groups, low and high-density. Their

mean numbers of CD163C cells were higher in high-

density than low-density group (50.9G25.3 vs 25.8G

16.9/103mm2, P!0.001). Age at diagnosis, sex, and

extrathyroidal invasion showed no differences between

the groups, and tumor size showed a tendency to be larger

in the high than in the low density group but without any

statistical significance (2.3G1.0 vs 2.7 G 1.7 cm,

PZ0.089, Table 2). The frequency of BRAFV600E, a driver

mutation of thyroid cancer and proposed to be associated

with a poor prognosis (Ahn et al. 2014), showed no

difference between the groups. However, the LN meta-

stasis rates were higher in the high-density than in the

low-density group (81% vs 56%, P!0.001, Table 2).

During a median 6.5 (range, 1.0–16.0) year follow-up

period, disease-free survival rates showed no significant
http://erc.endocrinology-journals.org q 2016 Society for Endocrinology
DOI: 10.1530/ERC-15-0196 Printed in Great Britain
differences (data not shown). The 10 year disease-free

survival rates were 79% in the low-density group and 71%

in the high-density group (PZ0.770 from Log-rank test).
Discussion

In this study, we first identified that CXCL16 plays a

pivotal role in the interaction between thyroid cancer and

monocyte/macrophages. CXCL16 was one of the abun-

dant cytokines in macrophage/PTC co-cultured CM,

which seemed to mainly originate from PTC-stimulated

macrophages. Blocking CXCL16 signaling using neutraliz-

ing antibody or Akt inhibitor attenuated macrophage-

dependent PTC cell migrations, suggesting that CXCL16

signaling partly mediated macrophage actions on PTC cell

migrations. Moreover, CXCL16 also affected macrophages

M2 polarization in PTC microenvironments. Finally, the

expression of CXCR6 and CXCL16 showed a positive

correlation with CD163C macrophages in human PTC
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Expression of CXCR6 or CXCL16 in PTC tissues. Immunohistochemical

staining was done in the PTC tissue microarray with anti-CXCR6 or anti-

CXCL16 antibodies (nZ143). Representative images of (A) cancer domi-

nant, (B) stromal dominant, and (C) cancer and stromal co-expression of

CXCR6, and (D) cancer dominant, (E) stromal dominant, and (F) cancer and

stromal co-expression of CXCL16. (G) Correlations of the number of

CD163C cells and CXCR6C cells in PTC tissues. (H) Mean CD163C cells of

each CXCR6 expression group. P!0.05 vs stromal dominant (2nd column)

or cancer dominant (3rd column).
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tissues, and associated with LN metastasis. Collectively,

CXCL16 signaling might play a role in macrophage-

mediated PTC tumor invasiveness.

The role of macrophages in thyroid cancer is complex.

Ryder et al. (2008) first demonstrated that high density of

macrophages was associated with poor clinical outcome

in advanced thyroid cancer, while following data have

shown conflicting results (Ryder et al. 2008, Cunha et al.

2012, Qing et al. 2012, Kim et al. 2013, Fang et al. 2014).

Meanwhile, recent experimental studies have been

more focused on the pro-tumorigenic roles of macrophages.
http://erc.endocrinology-journals.org q 2016 Society for Endocrinology
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An animal study with a BRAF-induced PTC model showed

that TAMs densely infiltrated into the PTC tumors and had

pro-tumorigenic roles through the CSF1 receptor or CCR2

(Ryder et al. 2013). Another study showed that in vitro

treatment with macrophages CM enhanced the PTC cell

migration potential through CXCL8 signaling, and treat-

ment with CXCL8 promoted PTC metastasis in a mouse

model (Fang et al. 2014). In the present study, we also

demonstrated that macrophages supported tumor cell

migration through CXCL16 signaling. Collectively,

macrophage might have a role in tumor progression not
Published by Bioscientifica Ltd.

Downloaded from Bioscientifica.com at 05/17/2023 09:51:58PM
via free access

http://erc.endocrinology-journals.org
http://dx.doi.org/10.1530/ERC-15-0196


Table 1 Associations between CXCR6 and CXCL16 expressions

in human PTCs

CXCR6

Stromal

dominant (nZ42)

P value

Cancer dominant

and cancerC

stromal (nZ25)

P valueLow High Low High

CXCL16
0 2 7 0.279 1 4 0.017
1 4 7 5 4
2 3 14 0 5
3 0 5 0 6

Table 2 Clinical characteristics of PTC patients according to

the tumor associated macrophage density

CXCR6

Low

density

(nZ68)

High

density

(nZ68)
P

value

Number of CXCR6C cells 15.8G11.8 58.8G14.0 !0.001
Female sex (n) (%) 54 (79) 57 (84) 0.659
Age of diagnosis (years) 49.4G16.7 50.6G15.2 0.665

Tumor size (cm) 2.3G1.0 2.7G1.7 0.089
LN metastasis (n) (%) 38 (56) 55 (81) 0.003
Extrathyroidal invasion (n) (%) 10 (19) 18 (27) 0.385

BRAFV600E (n) (%) 38 (68) 37 (63) 0.696
Distant metastasis (n) (%) 3 (5) 2 (3) 0.773
Recurrence (n) (%) 3 (5) 3 (5) 0.882

Number of CD163C cells 25.8G16.9 50.9G25.3 !0.001
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only in poorly differentiated thyroid cancers but also in

conventional PTCs, and macrophage-related signaling

pathways could be potential therapeutic targets in

PTC treatment.

In this study, we derived CXCL16 as a novel mediator

of macrophage actions, especially for the supportive

effects on cell migration potential. CXCL16 is a ligand

for CXCR6, a member of the seven transmembrane G

protein-coupled receptor family, and signals through the

Akt pathway (Meijer et al. 2008). Independent of macro-

phages, the CXCL16–CXCR6 complex has been shown

to promote cancer proliferation or metastasis in prostate

(Lu et al. 2008, Jung et al. 2013), renal (Gutwein et al.

2009), and pancreatic (Wente et al. 2008) cancer. One of

the unidentified issues in the role of CXCL16 signaling in

cancers is on the functional divergence of two different

types of CXCL16 proteins: soluble and trans-membrane

forms. Meijer et al. (2008) showed that the two types of

CXCL16 had different roles in cell proliferation and

metastasis, and a certain model suggested that the soluble

CXCL16 induces cancer cell proliferation and metastasis

(Deng et al. 2010), while the trans-membrane CXCL16

suppressed it. However, it is still unclear and needs to be

redefined according to specific tissues. In this study,

we focused on the soluble CXCL16, as a secretory factor

of TAMs. Treatment with rhCXCL16 enhanced the

migration potential of the PTC cells, and TAM-mediated

PTC cell migration was inhibited not only by the anti-

CXCL16 neutralizing antibody but also by a disintegrin

and metalloprotease (ADAM) 17 inhibitor (TAPI2).

Because ADMA17 is one of the cleavage proteins of

CXCL16, converting trans-membrane CXCL16 into

soluble form (Abel et al. 2004, Gough et al. 2004, Ludwig

et al. 2005, Schramme et al. 2008), it is clear that these

effects were medicated by the soluble CXCL16 rather than

the trans-membrane form. To our knowledge, this is the

first report that shows soluble CXCL16 as a downstream
http://erc.endocrinology-journals.org q 2016 Society for Endocrinology
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mediator of macrophage actions in human cancer.

Because CXCL16 has been reported to be expressed not

only in macrophages but also in various human cancers

including thyroid, it is not easy to determine the origin of

CXCL16 in a tumor microenvironment. In this study,

treatment with M/BHP10-3 CM strongly up-regulated

CXCL16 gene expression in macrophages, but not in

PTC cells, suggesting that macrophages could be the major

source of CXCL16 production. Different from CXCL16

gene expressions, mRNA expressions of CXCR6 were

similarly increased in response to the M/BHP10-3 CM in

both monocytes and BHP10-3SC cells. These might be

reflected the dual actions of CXCL16 in tumor micro-

environment, enhancing tumor cell migration and effect-

ing macrophage polarization. Although we could not

dissect out the cellular origin of Akt or mTOR proteins in

western blot analysis of co-cultured cells, rhCXCL16

treatment into PTC cell showed similar changes of

them, and Akt inhibitor attenuated macrophage-

dependent cell migrations, suggesting that these macro-

phage actions in PTC cells were mediated via CXCL16/Akt

signaling. Moreover, because CXCL16 reacted to BHP10-3

and M/BHP10-3 CM but not to THP1 CM, and the response

was greater with M/BHP10-3 co-cultured CM than with

BHP10-3 CM, we can presume that the cell–cell inter-

actions of the macrophages and cancer cells could be one

of the pivotal factors conditioning the macrophage-related

tumor microenvironment with CXCL16. However, we

were not able to show the trigger mechanism of CXCL16

secretion in this study. Further studies are needed.

Different to CXCL16, CXCR6 expression was

increased in macrophages, BHP10-3 cells, and endothelial

cells. Furthermore, immunohistochemical staining of the

tissue microarray of PTCs showed that CXCR6 was

expressed in both cancer cells and stroma including
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macrophages and endothelial cells, suggesting that

CXCL16 could have various actions in macrophage-rich

microenvironments. Indeed, CXCL16/CXCR signaling

mediated macrophage polarization into M2 charac-

teristics, enhanced the PTC cell migration potential, and

reinforced angiogenesis.

One question not answered is how monocytes/

macrophages are recruited into tumor microenviron-

ments. Because CXCL16 has been reported to facilitate

recruitment of mesenchymal stem cells or embryonic-like

cells into prostate cancers (Jung et al. 2013), it is reasonable

to hypothesize that CXCL16 signaling has a role in the

recruitment of monocyte/macrophage. Further studies are

needed to validate this hypothesis.

In this study, CXCL16 signaling partly mediated

macrophage actions on PTC tumor cell invasion and

also changed the macrophage phenotypes into M2-

macrophages in PTC tumor microenvironment. These

data support the therapeutic potential of targeting

macrophages or their downstream mediators for human

PTC treatments.
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