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Bleomycin inhibits proliferation and induces apoptosis in
TPC-1 cells through reversing M2-macrophages polarization
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Abstract. Papillary thyroid carcinoma (PTC) is one of the
most common types of thyroid malignancy. Previous studies
have demonstrated that the density of tumor-associated macro-
phages (TAMs) within the tumor microenvironment affects the
progression of PTC due to the imbalance in M1/M?2 macrophage
subtypes. M2 macrophages induce anti-inflammatory effects
and promote tumor progression, whereas M1 macrophages
destroy tumor cells. Therefore, reversing TAM polarization
to M1 may be a novel strategy for the treatment of cancer.
Although bleomycin (BLM) is a commonly used anti-cancer
drug, which regulates the secretion of relevant cytokines, high
dose and long-term treatment with BLM may lead to pulmonary
fibrosis. In the present study, flow cytometry data revealed that
low dose treatment with BLM (5 or 10 mU/ml) facilitated the
expression of the M1 phenotype markers cluster of differentia-
tion (CD)80 and C-C chemokine receptor 7, and concurrently
suppressed the M2 marker CD206 on M2-macrophages.
Reverse transcription-quantitative polymerase chain reac-
tion data revealed that the expression levels of tumor necrosis
factor-a and interleukin-1f markedly increased, whereas the
expression of IL-10 decreased in M2 macrophages treated with
BLM. A fluorescein isothiocyanate-dextran uptake experiment
revealed that BLM increased the phagocytic capacity of M2,
however not M1 or MO macrophages. In addition, to verify the

Correspondence to: Dr Zhendong Li, Department of Head and
Neck Surgery, Cancer Hospital of China Medical University,
44 Xiaoheyan Road, Dadong, Shenyang, Liaoning 110042,
P.R. China

E-mail: 1349946150@qq.com

Dr Xiande Ma, College of Integrated Traditional Chinese and
Western Medicine, Liaoning University of Traditional Chinese
Medicine, 79 Chongshan Road, Shenyang, Liaoning 110847,
P.R. China

E-mail: 15640235233@163.com

Key words: TPC-1, bleomycin, tumor-associated macrophages,
polarization

effect of BLM-treated M2 macrophages on thyroid carcinoma
cells, a co-culture system of macrophages and the human PTC
cell line TPC-1, was established. BLM-treated M2 macrophages
increased the number of cells in early and late apoptosis and
inhibited the migration, proliferation and invasion of TPC-1
cells. These results suggest that a low dose and indirect effect
of BLM may induce suppressive effects on PTC by selectively
reversing M2 macrophage polarization to M1, which may
provide a novel strategy for cancer treatment.

Introduction

Papillary thyroid carcinoma (PTC) is one of the most common
types of thyroid cancer, accounting for ~80% of cases (1).
At present, surgery remains the primary treatment for PTC;
however, for patients with tumors <1 cm, or multifocal, highly
aggressive or metastasizing tumors, the outcome of surgery
may be unsatisfactory. Therefore, other therapeutic methods
are necessary, particularly immunotherapy (2).

Studies have indicated that the tumor microenvironment,
which is necessary for maintaining tumor growth, is comprised
of a variety of non-malignant stromal cells. Macrophages
within the tumor microenvironment, termed tumor-associated
macrophages (TAMs), are some of its most important
components (3). The presence of TAMs is associated with
the invasion, angiogenesis, hypoxia and early metastasis of
tumors, and the suppression of adaptive immunity in various
types of tumor, including PTC (4-6). Evidence from clinical
and epidemiological studies also indicates a strong association
between the increased density of TAMs and a poor prognosis
in various kinds of cancer, including breast cancer, ovarian
cancer, glioma, lymphoma and PTC (6-8). Commonly, TAMs
are subdivided into two types, including the classically acti-
vated type 1 macrophages (M1) and the alternatively activated
type 2 macrophages (M2), which are distributed throughout
PTC tissues (9,10). The M1 phenotype macrophages are acti-
vated by interferon (IFN)-v, lipopolysaccharides (LPS) and
tumor necrosis factor-a (TNF-a) and are characterized by the
production of pro-inflammatory cytokines, including TNF-a.,
interleukin (IL)-1f, IL-6, IL-12 and inducible nitric oxide
synthase (iNOS). Furthermore, this phenotype is associated
with an extended survival time in patients with non-small-cell
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lung cancer (11,12). However, M2 macrophages, described as
inhibitors of inflammation, are associated with tumor initia-
tion and progression (11,12). Anti-inflammatory cytokines
produced by M2 macrophages, including IL-10, can reduce
the expression of iNOS, and inhibit antigen presentation and
T cell proliferation (13,14). Furthermore, M2 macrophages
are responsible for the growth and survival of various tumor
cells (15,16). TAMs within a number of types of malignant
cancer predominantly exhibit an M2-like phenotype, which
promotes tumor growth and progression by stimulating tumor
cell proliferation; therefore, inhibiting the functions of TAMs
will inhibit tumorigenesis (6,17-19). Thus, it is hypothesized
that the reversal of the polarization of TAMs may be a novel
direction for the treatment of inoperable PTCs.

Bleomycin (BLM), a mixture of cytotoxic glycopeptide
antibiotics isolated from Streptomyces verticillus, is widely
used for anti-tumor treatment, including testicular cancer,
malignant lymphoma, head and neck squamous cell carci-
noma, cervical cancer and skin cancer (20-23). As BLM
does not induce pronounced hepatic, renal or bone marrow
toxicity, it is usually used in combination with other anti-
cancer drugs (24,25). However, high dose, long-term treatment
with BLM can lead to pulmonary fibrosis (26,27) through
the induction of DNA damage (28,29). Previous studies
have demonstrated that BLM can stimulate the production
of proinflammatory cytokines (IL-18, IL-6 and IL-1p) and
chemokines in THP-1 acute monocytic leukemia cells by acti-
vating Toll-like receptor (TLR)2 (30-32), suggesting that BLM
may potentially enhance the anti-tumor role of macrophages
and regulate their polarization. To verify the effect of low dose
BLM treatment on macrophage polarization and the resulting
anti-cancer effects, a model of human macrophage polariza-
tion was established using THP-1 cells. It was determined
that BLM may inhibit the proliferation and invasion of TPC-1
cells, and facilitate apoptosis via promoting the transition of
M2 phenotype macrophages to the M1-like phenotype.

Materials and methods

Reagents. Recombinant human (rh)IL-4, thIFN-y and rhIL-13
were purchased from R&D Systems, Inc., (Minneapolis,
MN, USA). Phorbol myristate acetate (PMA), BLM and LPS
were supplied by Sigma-Aldrich; Merck KGaA (Darmstadt,
Germany). BLM solutions were prepared with endotoxin-free
saline to a final concentration of 10 U/ml and stored at -20°C.
The anti-human-CD14-peridinin chlorophyll protein complex
(PerCP; cat. no: 340585), CD68-fluorescein isothiocyanate
(FITC; cat. no: 562117), CD80-allophycocyanin (APC; cat.
no: 561134), CCR7-phycoerythrin (PE)-cyanine (cy)7(cat.
no: 560922), CD206-PE(cat. no: 555954) and atched isotype
antibodies were all supplied by BD Biosciences (Franklin
Lakes, NJ, USA). FITC-dextran was purchased from
Sigma-Aldrich; Merck KGaA.

Cell culture and macrophage polarization. THP-1 human
monocyte cells and TPC-1 human thyroid carcinoma cells
were cultured in RPMI 1640 medium (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented
with 10% heat-inactivated fetal bovine serum (Invitrogen;
Thermo Fisher Scientific, Inc.) and incubated at 37°C in an
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atmosphere with 5% CO,. THP-1 cells were induced to
differentiate into an attached macrophage-like phenotype by
stimulation with 100 nM PMA for 24 h. Subsequently, the
cells were cultured in serum-free RPMI-1640 for an additional
24 h to eliminate the effects of PMA. The attached THP-1
cells, which corresponded to MO macrophages, were polarized
to M1 by adding 1 pg/ml LPS and 20 ng/ml rhIFN-v, or to M2
by adding 20 ng/ml rhIL-4 and 20 ng/ml rhIL-13. Serum-free
medium was added for a further 24 h to eliminate the effects
of cytokines. The resulting types of macrophages were used in
the subsequent experiments.

BLM cytotoxicity assay against MO macrophages. The cyto-
toxic effect of BLM on MO macrophages was analyzed by a
lactate dehydrogenase (LDH) cytotoxicity assay kit (Beyotime
Institute of Biotechnology, Haimen, China) according to the
manufacturer's protocol. Briefly, 2x10* MO macrophages
were incubated with various concentrations (5, 10, 15, 20 and
25 mU/ml) of BLM. Supernatant was collected after 24 h and
LDH release was quantified. Absorbance was measured at
490 nm by a microplate reader. All cell culture experiments
were performed in duplicate and repeated five times.

Co-culture of TPC-1 cells with THP-1 macrophages. BLM
(5 or 10 mU/ml) was added to successfully induced MO, M1
or M2 macrophages for 3 days. Subsequently, 5,000 cells
TPC-1 cells and macrophages were co-cultured in a Transwell
apparatus (pore size, 0.4 ym; Costar; Corning Incorporated,
Corning, NY, USA) for 3 days.

Flow cytometry. The expression of the cell surface markers
CD68, CDI14, CD206, CD80 and CCR7 was used to determine
the macrophage subtypes using a flow cytometer (FACS
Canto II; BD Biosciences). For the apoptosis assays, TPC-1
cells were analyzed by flow cytometry using an Annexin
V-FITC kit (Beyotime Institute of Biotechnology)-based assay
according to the manufacturer's protocol. For the phagocytosis
assay, macrophages were incubated with FITC-dextran at
4°C and 37°C, and analyzed by flow cytometry. The phago-
cytosis rate was determined as follows: Phagocytosis of cells
(%)=Phagocytosis of cells at 37°C (%)-Phagocytosis of cells
at 4°C (%).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted using the RNeasy mini
kit with DNase (Qiagen GmbH, Hilden, Germany) according
to the manufacturer's protocol. Total RNA (2 ug) was
reverse-transcribed using a Transcriptor first strand cDNA
synthesis kit (Roche Diagnostics, Basel, Switzerland). SYBR
Green qPCR was performed using an ABI Prism 7900HT
sequence detection system (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The PCR primers were 5'-GAGGCT
ACGGCGCTGTCA-3' (forward) and 5-TCCACGGCCTTG
CTCTTG-3' (reverse) for IL-10; 5'-CAGTGGCAATGAGGA
TGACTTG-3' (forward) and 5'-AGTGGTGGTCGGAGA
TTCGT-3' (reverse) for IL-1p; 5'-CTTCTGCCTGCTGCA
CTTTG-3' (forward) and 5-GGCCAGAGGGCTGATTAG
AGA-3' (reverse) for TNF-a; and 5'-GGTGAAGGTCGGTGT
GAACG-3' (forward) and 5-CTCGCTCCTGGAAGATGG
TG-3' (reverse) for GADPH. The fold-change for each gene
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was calculated using the 2"44% method (33), and the expression
levels were normalized to GADPH.

Wound-healing and proliferation assays. For in vitro
wound-healing assays, wounds were made in confluent mono-
layers of TPC-1 cells using a pipette tip, and images were
captured following co-culture with macrophages for 12 h. For
cell proliferation assays, TPC-1 cells were co-cultured with
macrophages at 37°C for 1, 3 and 5 days. MTT assays were
performed at each time point using an MTT kit (Beyotime
Institute of Biotechnology, Shanghai, China) according to
the manufacturer's protocol.

Cell invasion assays. Assays were performed in 24-well
plates using a Transwell apparatus (pore size, 8 ym; Costar;
Corning Incorporated). A total of 5,000 TPC-1 cells were
seeded in serum-free medium in the upper chamber and
50,000 macrophages were seeded in the lower chamber with
medium containing 10% serum. After incubation for 24 h at
37°C, cells in the upper chamber were carefully removed with
a cotton swab, and lower chamber cells were fixed in methanol
and stained with crystal violet. Images were captured under
a microscope and cells were counted in 5 randomly selected
fields of view.

Statistical analysis. Flow cytometry data analysis was
performed using FlowJo software v.7.6 (Tree Star, Inc.,
Ashland, OR, USA). All data were analyzed by one-way anal-
ysis of variance (bonfferoni: compare all pairs of columns) or
Mann-Whitney test (non-parametric) using GraphPad Prism
v.5.0 software (GraphPad Software, Inc, La Jolla, CA, USA).
P<0.05 was considered to indicate a statistically significant
difference.

Results

PMA promotes the differentiation of human THP-1 monocytes
into MO phenotype macrophages. Differentiation of THP-1
monocytes has been widely used as an in vitro model of human
macrophages. Light microscopy demonstrated that THP-1 cells
exhibited a round shape and a non-adherent growth pattern
(Fig. 1A), whereas following treatment with PMA for 24 h,
cells became adherent with the typical flat, amoeboid-shaped,
elongated and branching macrophage morphology (Fig. 1A).
The macrophage-like THP-1 cells, hereafter designated as
MO macrophages, exhibited the downregulation of CD14 and
the upregulation of CD68 compared with untreated THP-1
cells (Fig. 1B and C); this result is consistent with previous
reports (33,34). In addition, the majority of MO macrophages
expressed the CD68 marker, indicating that CD68 may be a
suitable marker for MO macrophages. Thus, THP-1 monocytes
were successfully differentiated into MO macrophages by
treatment with PMA.

BLM reverses the phenotype of M2 macrophages to M1.
THP-1-dervied MO macrophages were used to further deter-
mine the effects of BLM on macrophage polarization. Firstly,an
LDH cytotoxicity assay was performed using MO macrophages
to determine the optimal concentration of BLM. The results
demonstrated that BLM at doses lower than 15 mU/ml induced
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Figure 1. PMA promotes the differentiation of human THP-1 monocytes into
macrophages. (A) Representative images of THP-1 cells and PMA-derived
MO macrophages. Magnification, x200. The expression levels of MO macro-
phage markers (B) CDI4 and (C) CD68 were analyzed by flow cytometry.
The left-side panels are representative flow cytometry histograms showing
the frequencies of CD14 and CD68 expression on the THP-1 cells and MO
macrophages, respectively. Black lines indicate the isotype controls, red
lines represent MO macrophages and blue lines represent THP-1 cells. The
right-side panels in (B) and (C) present the percentage of CD14 and CD68
expression on THP-1 cells and MO macrophages, respectively. "P<0.05 and
“P<0.01. PMA, phorbol myristate acetate; CD, cluster of differentiation.

no significant cytotoxic effects on MO macrophages. However,
significant cytotoxic effects were observed when BLM was
administered at a concentration of 20 or 25 mU/ml (Fig. 2A).
Therefore, low doses of BLM (5 or 10 mU/ml) were selected
for further experiments. Following a previously described
protocol (35,36), M1 and M2 macrophages were successfully
induced from MO macrophages by incubation with LPS and
rhIFN-vy, or thIL-4 and rhIL-13, for 24 h. The phenotype
markers CD80 and CCR7 indicated the successful induction
of the M1 phenotype, while the CD206 marker indicated the
presence of M2 macrophages (Fig. 2B and C). When 5 or
10 mU/ml BLM was incubated with MO or M1 macrophages
for a further 24 h, no notable alterations of CD80, CCR7 and
CD206 were detected (Fig. 2C). However, when M2 macro-
phages received the same treatment, the expression levels
of CD80 and CCR7 markedly increased, while CD206 was
downregulated (Fig. 2B and C), indicating that low dose BLM
treatment could reverse M2 macrophages to M1.

BLM reverses the function of M2 macrophages into M1. TAMs
regulate immune and inflammatory responses in the tumor
microenvironment through the secretion of cytokines (37). M1
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Figure 2. BLM reverses the M2 macrophage phenotype to M1. (A) Lactate dehydrogenase cell cytotoxicity assay of phorbol myristate acetate-derived MO
macrophages cultured with vehicle or BLM treatment (1, 2.5, 5, 7.5 and 10 mU/ml). (B) Flow cytometry histogram and (C) bar graph to demonstrate the
percentage of CD80, CCR7 and CD206 expression on CD68* macrophages. CD80 and CCR7 are specific surface markers for M1 macrophages, and CD206 is a
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specific surface marker for M2 macrophages. "P<0.05, “P<0.01 and ““P<0.001. BLM, bleomycin; CD, cluster of differentiation; CCR, C-C chemokine receptor.

macrophages primarily secrete pro-inflammatory cytokines
(TNF-a, IL-1p and IL-6), while M2 macrophages secrete
anti-inflammatory cytokines (IL-10 and TGF-) (37). To
further observe the effects of BLM on cytokine secretion in
macrophages, the cytokine mRNA levels were measured in all
types of macrophages following treatment with 5 or 10 mU/ml
BLM for 24 h. As presented in Fig. 3A-C, the expression of
TNF-a, IL-1f and IL-10 in MO and M1 macrophages was
not affected by treatment with BLM. However, the expres-
sion levels of TNF-o and IL-1p markedly increased and
the expression of IL-10 decreased in M2 macrophages in a
concentration-dependent manner following treatment with
BLM (Fig. 3A-C). In addition, phagocytosis, an important
function of macrophages, mediates innate immunity and
antigen processing. To further determine the effects of BLM

on macrophages, the phagocytic capacity of macrophages
was detected by flow cytometry. Consistent with the previous
data, the results indicated that M2 macrophages exhibited an
elevated FITC-dextran uptake capacity following incubation
with BLM (Fig. 3D and E). However, the phagocytic capacity
of M1 and MO macrophages treated with BLM remained
unaltered (Fig. 3D).

BLM inhibits the migration and proliferation of TPC-1 cells
by reversing M2 macrophage polarization. Since M2 macro-
phages were previously reported to increase the growth and
survival rate of various types of cancer cell (15,16),a co-culture
experiment with TPC-1 cells and M2 macrophages was used
to study the effects of BLM on the migration and proliferation
of TPC-1 cells via reversing M2 macrophage polarization.
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Figure 3. BLM reverses the function of M2 macrophages to M 1. Cytokines, including (A) TNF-a, (B) IL-f and (C) IL-10 were detected by reverse transcrip-
tion-quantitative polymerase chain reaction. (D) Bar graph and (E) flow cytometry histogram of the rate of fluorescein isothiocyanate-dextran uptake by
macrophages. ‘P<0.05 and “P<0.01. BLM, bleomycin; TNF-a, tumor necrosis factor-a; IL, interleukin.

Wound-healing assays indicated that the migration of TPC-1
cells was inhibited following co-culture with BLM-treated
M2 macrophages (Fig. 4A). Furthermore, MTT assays demon-
strated that co-culture with BLM-treated M2 macrophages
inhibited the proliferation of TPC-1 cells compared with M2
macrophages without induction by BLM (Fig. 4B).

BLM inhibits the invasion of TPC-1 cells by reversing M2
macrophage polarization. To determine whether BLM-treated
M?2 macrophages could regulate the invasion of TPC-1 cells,
the number of invading TPC-1 cells was counted following
co-culture with BLM-treated M2 macrophages. As presented
in Fig. 5, the invasion ability of TPC-1 cells co-cultured
with BLM-treated M2 macrophages significantly decreased;
however, this effect was not observed following co-culture
with BLM-treated M1 and MO macrophages.

BLM promotes the apoptosis of TPC-1 cells by reversing M2
macrophage polarization. To further verify the anti-tumor
effects of BLM-induced M2 macrophage depolarization,
the rate of apoptosis induced by co-culture of macrophages
with TPC-1 cells was determined. The results indicated that
M?2 macrophages exhibited a significantly reduced ability to
facilitate the early and late apoptosis of TPC-1 cells (2.95
and 1.46%) compared with M1 macrophages (10.12 and
13.10%; Fig. 6A). Although the pro-apoptotic ability of M2
cells treated with either 5 or 10 mU/ml BLM was weaker
compared with M1 macrophages, the early apoptosis rates
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Figure 4. BLM inhibits migration and proliferation of TPC-1 cells by
reversing M2 macrophage polarization. (A) Wound-healing assays with
TPC-1 cells following co-culture with BLM-treated macrophages for
12 h. Magnification, x40. (B) MTT assays were performed for TPC-1 cells
following co-culture with BLM-treated macrophages for 0, 1, 3 and 5 days.
“P<0.05 and “P<0.01 vs. 5 mU/ml BLM treatment; “P<0.05 and "P<0.01 vs.
10 mU/ml BLM treatment. BLM, bleomycin.


https://www.spandidos-publications.com/10.3892/ol.2018.9103
https://www.spandidos-publications.com/10.3892/ol.2018.9103
https://www.spandidos-publications.com/10.3892/ol.2018.9103

LIU et al: BLEOMYCIN APOPTOSIS TPC-1 CELLS M2-MACROPHAGES POLARIZATION

A TPC-1

BLM-M2-TPC-1
5 mU/ml

TPC-1

3863

B

5004 - "
o 4 — " EIMedium
T — EBLM (5 mUimi)
§ " ERELM (10 mU/mi)
Z 2004
[
o

100+

N
- & &
L

Figure 5. BLM inhibits the invasion of TPC-1 cells by reversing M2-macrophage polarization. (A) The invasion ability of TPC-1 cells was detected following
co-culture with macrophages treated with 5 or 10 mU/ml BLM. Images were captured under a microscope (magnification, x100). (B) Number of cells per field
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Figure 6. BLM promotes the apoptosis of TPC-1 cells by reversing M2-macrophage polarization. (A) Subsequent to the co-culture of TPC-1 cells and
macrophages for 48 h in a Transwell apparatus (pore size, 0.4 ym), an AnnexinV-FITC apoptosis detection kit was used for apoptosis detection. AnnexinV*PI
indicated early apoptosis and AnnexinV*PI*indicated late apoptosis. (B and C) Bar charts of the quantified rate of apoptosis. “P<0.05, “P<0.01 and ““P<0.001.

BLM, bleomycin.

were significantly upregulated compared with untreated M2
macrophages (Fig. 6A-C). Furthermore, BLM-treated M1 or
MO macrophages did not affect the early or late apoptosis of
TPC-1 cells (Fig. 6B and C).

Discussion

TAMs have been proposed to promote tumor progres-
sion by facilitating angiogenesis, lymphogenesis, stroma
remodeling and immune suppression in various types of
cancer (36,38-40). TAMs also serve roles in tumor invasion
and metastasis by secreting enzymes, including plasmin,
urokinase-type plasminogen activator, matrix metallo-
proteinases and cathepsin B (41-43). An increased density

of TAMs in tumor tissues is associated with a poor prog-
nosis (44). TAMs are commonly divided into M1 and M2
subtypes, which exhibit anti-cancer effects, and potentiate
tumorigenesis and tumor progression, respectively. Previous
studies have indicated that TAMs in numerous types of
malignant cancer predominantly exhibit an M2-like pheno-
type. Since M2 macrophages in tumor tissue contribute to
an immunosuppressive microenvironment and fuel tumor
progression, reversing M2-TAM polarization could be a
novel therapeutic strategy against cancer (45). In the present
study, low doses of BLM could reverse M2 macrophages to
an Ml-like phenotype, as demonstrated by the upregulation
of the M1 surface markers CD80 and CCR7 and the increased
expression of predominantly M1-secreted cytokines (TNF-a



and IL-1pB). Furthermore, BLM could also enhance the
phagocytic function of M2 macrophages in a dose-dependent
manner. However, the phagocytic capacity was not signifi-
cantly altered in M1 and MO macrophages treated with BLM,
suggesting that BLM could re-polarize M2 macrophage
phenotype to M1 phenotype, regulate the balance of M1/M2
TAMs in the tumor microenvironment and activate the
Thl cell-based anti-cancer immune response (46,47). BLM
may induces the tumor suppression ability via selectively
reversing M2 macrophages to the tumoricidal M1 phenotype
without affecting M1 or MO macrophages.

The presence of TAMs in tumor cores has been
found to be associated with progressive PTC features
and TAM-conditioned medium-enhanced PTC cell inva-
sion (9). Furthermore, Kim et al (48) identified that primary
PTC tumors with lymph node metastasis and higher TAM
density were associated with larger tumor sizes, suggesting
a tumorigenic role for TAMs in human PTC (4). Although a
number of studies have demonstrated that M2-TAMs induce
tumor proliferation, migration and invasion in hepatocellular
carcinoma, human basal carcinoma, pancreatic cancer and
prostate cancer (49,50), to the best of our knowledge, the
reversed polarization of TAMs in the context of PTC was not
previously reported. Since BLM induced TAM depolariza-
tion, a co-culture system of TPC-1 cells and BLM-treated
macrophages was developed in the present study. As expected,
the proliferation, migration and invasion of TPC-1 cells were
inhibited following co-culture with BLM-treated M2 macro-
phages, indicating that BLM could inhibit PTC progression by
regulating TAM polarization.

It was previously demonstrated that the tumor suppression
capacity of M1 macrophages is associated with the activation
of the NF-«xB signaling pathway (51), which serves a key
role in modulating the apoptosis of tumor cells. The present
study also indicated that BLM-induced M1-like macrophages
facilitated both early and late apoptosis of TPC-1 cells.
However, it was previously reported that BLM can directly
induce cancer cell apoptosis and inhibit proliferation (51-54),
and the proposed mechanism was through affecting the G,
and M phase cell cycle progression of cancer cells (55,56).
Furthermore, an increased expression of p21, independent of
p53, was identified in fibrotic lungs following direct induction
with BLM (57). Recent data also revealed the crucial roles of
NF-«B and p21 in the p53-independent apoptosis of cancer
cells, in response to DNA-damaging drugs (51,52). The inter-
action between the functions of p21 and mediators involved
in macrophage differentiation, including NF-kB, could be an
important consideration in attempt to elucidate the apoptotic
cell response to BLM. Nevertheless, the results of the present
study indicated that BLM could indirectly inhibit TPC-1
cell proliferation and induce apoptosis by depolarizing M2
macrophages to M1 macrophages. This result is supported by
previous reports that M1 macrophages inhibit cell proliferation
and induce apoptosis (58-60). BLM is widely used for tumor
treatment, but high dose and long-term exposure to BLM may
lead to pulmonary fibrosis due to DNA damage (27,28). In the
present study, tumor suppression was indirectly induced by a
low dose of BLM though the effect on macrophages.

In conclusion, the results indicate that low dose, indirect
treatment with BLM can suppress PTC by selectively reversing
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M2 macrophage polarization to M1. However, further studies
are necessary to identify the signaling pathways induced by
BLM in TAM polarization, which may contribute to improved
treatment methods for a variety of cancer types.
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